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Presentation Outline

* Galileo system status
e What the “Raw Measurements” are
e Main benefits/uses of Raw measurements - “The four areas”

 GSA Raw Measurements Task Force and the White Paper
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Galileo Constellation Status 2
— @' Navigation Payload
F (17 Operational)
- /E; g $=° 26 satellites in orbit
}.{,. A8y 5 under commissioning
i g,@" 2 in testing
A%~  1lspare

A8  1unavailable

-
Relative RAAN Search and Rescue Payload
(18 Operational)

2 out of 26 satellites with no
SAR Transponder (by design)

A8 5 under commissioning

gm@}" 1 spare
Plane A Plane B Plane C @ 0 unoccupied reference slots
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Quarterly Performance Reports

Following the declaration of Initial Services in December 2016, the Galileo Initial Open
Service (OS) and the Galileo Search and Rescue (SAR) Service Public Performance
Reports are published quarterly, to provide the public with information about the
Galileo OS and the Galileo SAR Service measured performance statistics

OS Performance Report - 02 2018 SAR Service Performance Report - 01 2018

EUROPEAN GNSS (GALILEO) INITIAL SERVICES
SAR/GALILEO SERVICE
MANCE REPORT

QUARTERL R
JANUARY -

EUROPEAN GNSS (GALILEO) INITIAL SERVICES
OPEN SERVICE
QUARTERLY PERFORMANCE REPORT



https://www.gsc-europa.eu/galileo-gsc-overview/services/galileo-initial-services
https://www.gsc-europa.eu/system/files/galileo_documents/Galileo-IS-OS-Quarterly-Performance_Report-Q2-2018.pdf
https://www.gsc-europa.eu/system/files/galileo_documents/Galileo-IS-SAR-Quarterly-Performance_Report-Q1-2018.pdf

Android GNSS Raw Measurements (1)

Google made available GNSS Android Raw
Measurements in August 2016 with the release of
Android 7 (Nougat)

Before that, developers had access (with APl 23) to the
following Android classes

— GPS Satellite, containing such basic satellite information as
azimuth, elevation, PRN and C/No. It also flags if the satellite is
used in the PVT solution and the availability of almanac and
ephemerides.

— GPS Status provides information about the status and solution
of the GNSS chipset.

— Location, indicating if a positional and time solution is provided.

— NMEA Listener, providing basic NMEA sentences.

' GpsSatellite

GNSS Chipset

Config. r
Data -

ANDROID 6

Marshmallow

' u

Data I ‘ Location

' GpsStatus

Basic Config.

Location

Nmealistener
. " ne Cia

>N
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Android GNSS Raw Measurements (2)

From APl 24 (Android 7), developers have access to (APl 23 and)
the following GNSS raw and computed information via Android
classes:

 GNSS Clock, that contains:
- Receiver time (used to compute the pseudorange);
- Clock bias.

*  GNSS Navigation Message that contains:
- Navigation Message bits (all the constellations);
- Navigation message status.

e GNSS Measurement that contains: L2 i g <% S
- Received Satellite Time (used to compute the L ==
pseudorange); GNSS Navigation nss ‘
- Code; ata b of he Messa
- Carrier phase.  Smesage > Word




Android GNSS Raw Measurements (3)

e Whatis so “cool” about it?

@) you can use android devices

to calculate pseudoranges and PVT pm,m%mm,, — )
on your own while using additional o B8
data from other sensors and /oom

sources il ,

A\ .

Sources of GNSS pseudorange measurement errors




What are the benefits/ main uses of GNSS raw
measurements?

Four main
areas of use
are enabled by
GNSS raw

measurements

e As the observations are provided in a much
more coarse form they can be used for testing
hardware and software solutions and for new
post processing algorithms e.g. for modelling
ionosphere or troposphere.

&

e Subject to hardware limitations, access to raw
measurements means a developer can employ
advanced positioning techniques (RTK, PPP) and create
a solution currently only available in professional
receivers.

e |t results in a technological push to develop new
applications.

ways to detect RF interferences and to locate
the interference source by combining the
measurements from multiple devices
(crowdsourcing), or verify the source (OS-NMA).
* SBAS corrections can be incorporated without
the need for additional equipment.

e Access to raw measurements will offer newa

L

and edu

e Raw measurements can be used for monitoring
performance (data, accuracy, Rx clock), testing and to
compare solution from single constellations, eliminate
specific satellites or test for worst scenario
performance.

e Education use for understanding GNSS, Signal
processing or orbits in smartphone is not negligible too.

S |




£ High accuracy apps

Example of app providing high accuracy: PPP WizzLite —

- based on raw GNSS measurements, the app combines RTK library and very high
level algorithms developed by the French Space Agency (CNES PPP-Wizard)

- Accuracies of 1-2 meters can be reached in kinematic mode and sub-meter in
static mode

- To do so, users need to pull external RTCM streams for orbits/clocks corrections EREEUSINSSESESNE. & -
and broadcasts, such as ones available from the International GNSS Service

Real-Time Service (IGS RTS) .



http://www.igs.org/rts

Integrity/robustness: Galileo OS
Navigation Message Authentication

Clear differentiator w.r.t. other GNSS available to
the civil community Can be used by apps in

“Navigation Message Authentication” near future thanks to
is the ability of the system to Fully backward compatible access to raw

tee to the users that they are measurement
8U-a-r5‘m ee (? - y navigation message
utilising navigation data that has not
been modified and comes from the

Galileo satellites and not from any
other source. Contributes to mitigate GNSS vulnerabilities

74

Ref. Galileo Navigation Message Authentication Follows crypto standards and recommendations to

Specification for Signal-In-Space Testing — v1.0 be secure over the next decades
(to be updated)

Disseminated on the first Galileo frequency (E1B)

No need to store secret keys in the Rx, just public
key

10 10



Education/Testing: Logging and monitoring g
& apps (1) —

GNSSLogger:

-
—

* The GNSS Analysis reads the } A\
GPS/GNSS raw measurements | |
collected by the GNSS Logger | /‘D

e

app and uses them to analyze
the GNSS receiver behaviour 2:1

* The GNSS Analysis app is built ONES kogger
on MATLAB, but you don't need i S
to have MATLAB to runit. The & e = | = s | GNSS Analysis

of the MATLAB Runtime + duty cycling control

. * Analysis on the phone

app is compiled into an Wf\m/. ' M
executable that installs a copy %@%@}% \AMM\MM/ New i 2018,
| - "I
i

11



https://www.mathworks.com/products/matlab.html

Education/Testing: Logging and monitoring

& apps (2)

e

HORIZE® N 2020

Written by NSL as part of the H2020 FLAMINGO project

N | |
@  Anongoing development as the project progresses

* |ncludes:

RINEX ON — RINEX Observation and Navigation Message File writer. Can choose
constellations
J — GNSS skyplot and satellite planner in 24-hour timescale
[l C==>D ]

— Signal-to-noise (signal strength) graphic

— Satellites tracked and measured monitor

— File size monitor



{} Education/Testing: Outcome of GSA smartphone
testing campaign (1)

ANDROID 7 e Testing campaign done under contract with Airbus D&S
Nougat
uf * Galileo Raw Measurements from Samsung S8

e * Broadcasted Ephemerids & Clocks from Server (IGS)

* PVT algorithm implemented in Matlab

Galileo

Raw GNSS
Measurements

4 )

Matlab: :> Galileo
PVT Algorithm |

PTV Alone

\L J '

Galileo
Broadcasted
Ephemerids &
Clocks Server




{} Education/Testing: Outcome of GSA smartphone

North [m]

testing campaign (2)

Galileo-only PVT — Open Sky, Static

5 Galileo Satellites used for the PVT solution

2.9 meters accuracy (50%)

8.4 meters accuracy (95%)
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{} Education/Testing: Outcome of GSA smartphone
testing campaign (3)

GPS vs GPS + Galileo PVT - Open Sky, Static
e 5 Galileo Satellites used for the PVT solution

GPS alone 6.7 meters error

— Galileo increases the accuracy up to 4.5 meters

North (m)

30

20

10

-10

-20

Raw Measurements - Static Scenario - PVT Error Comparison

50% distribution GPS =[6.7 m
% distribution GPS+GAL =_4.5 m

T

-40 -30 -20 -10 0 10 20 30

CDF

09

0.8

0.7

06

04 r

031

0.2

0.1

Raw Measurements - Static Scenario - PVT Error Comparison

GPS+GAL
GPS i
Error-GPS (95%) = 18.8885 [meters]
Error-GPS+GAL (95%) = 11.8405 [meters]
5 10 15 20 25 35 40

error [meters]




Which are smartphones using Galileo?

>N

» Almost 60 Smartphone models include Galileo

» Leading smartphone manufactures use Galileo

' L Galileo Smartphones
& . .. sAmsune §V2
bQq HUAWET ’

Do you want to know if your

—o— Galileo Smartphones

smartphone is using Galileo?

| E— | —
O O N NN N NN NN NN M DM NN DM DN O 00 \ 00
htt, I'I T TS99 9 g g g g g g d g g
> O Cc O & & > c 5 W o ¥ > 0 <o o < <
I mmmmmmmmmmm T Q ®©




{} Education/Testing: Outcome of GSA smartphone .

testing campaign (4)

. GNSS set
S - 1 3 a R ITA N
Yl

N S
A

Which satellites have been used in the

PVT by phone? l

Google Location class:
e Satellites used for PVT
 Ephemerids and almanac available

!

Analysis of Galileo usage by phon
in PVT can be done




{} Education/Testing: Outcome of GSA smartphone
testing campaign (5)

PVT & Tracking: Percentage over the in-view healthy Galileo Satellites
* Same scenario for both phones

U1r(l))an Static Set 1 - Galileo Trac & PVT Status - Huawei P10 Broadcom 10 Urban Static Set 1 - Galileo Trac & PVT Status - BQ Qualcomm
O In View
9r O InView GAL in Tracking = 32.8293% A 9r X Tracking | |
i GAL in PVT = 32.5851¢ UsedInPVT
gk ) Erac(;'”gw n %] gl GAL in Tracking = 44.9052% ]
sedin GAL in PVT = 32.6007%
7t - 7r -
" « | A
T 6D - ol -
» 6 S 6
ks ks
e 50 o e 5F -
£ £
§ 4+ iy S 4+F R - — -
Z Z
3r i 3 I N =T p= 4
2 x = 2 B X -
1 — 1 b & ¢ XX X _
0 ! L ! 0 e N
11:45 12:00 12:15 12:30 12:45 11:45 12:00 1 15 12:45
05-Dec-2017 0 ec-?017
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{} Education/Testing: Outcome of GSA smartphone
testing campaign (5)

PVT & Tracking: Percentage over the in-view healthy Galileo Satellites

Huawei P10:
* Almost all the measurements are used in the PVT solution. 70 | Galileo Usage —
* Lessthan 40% of the measurements are tracked B Huove Tracking
60 F | Huawei PVT
BQ: Ear
* More than 45% of the measurements are tracked in all the 0T
scenarios. 240t
* Upto 70% of the measurements are tracked in the windowsill §
scenario Bl
* The measurements used in PVT reduced
20 |
Comparison:
«  Huawei uses a bit more of the Galileo measurements for the PVT [
solution )
 BQtracks almost 2 times more the Galileo satellites compared to Urban Mobile  Urban Static Windowsill

Huawei / \ \



{} Education/Testing: Outcome of GSA smartphone
testing campaign (6)

Tracking per Constellation : Channel allocation per constellation
 Same Scenario for both phones

Number of Sats

Windowsill - Tracked Satellites by Huawei P10 Broadcom

20
18
i il
Total
14 GAL Tracking = 11.0122% GPS
GPS Tracking = 47.0078% SBAS
12 GLO Tracking = 41.98% GLO
QZSS
BEIDOU
10 GALILEO
8 Il I I %
6 i
4 r i
‘M TN LU m
0 ! 1 1 |
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Windowsill - Tracked Satellites by BQ Qualcomm

Total
GPS
SBAS
GLO
QZSSs
BEIDOU
GALILEO

GAL Tracking = 25.2338%
GPS Tracking = 39.2119%
GLO Tracking = 35.3407%

]l_l_l'l'l:l:rll_ll_lLll'I“_'l'lﬂl_l_"'lllﬂ_\_r‘_
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{} Education/Testing: Outcome of GSA smartphone

testing campaign (7)
Tracking per Constellation : Channel allocation per constellation
e Same Scenario for both phones

Huawei P10:

Tracking [%]

15% of the channels track Galileo satellites

50
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40 r

w
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w
o
T

Huawei P10 Broadcom - Channel Allocation

N GPs

N GAL | |
_[[JaeLo

Urban Mobile

Urban Static

Windowsill

BQ:

Tracking [%]

N
o
T

28% of the channels track Galileo satellites

50 BQ Qualcomm - Channel Allocation
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Android devices that support raw GNSS
Measurements s N N L LA

Moto Z2 71 no no no yes GPS
GLOMASS
HTC U11 71 no no no yes GPS
Android Automatic Gain Navigation Accumulated delta W Global GLONASS
version Control messages ge clock systems
OPPOR11 7.1 no no no yes GPS
HTC U11 Plus 8.0 no no no yes GPS TGS
GLONASS el
HTC U11 Life 8.0 no no no yes GPS BeiDou
GLONASS
Huawei Honor 9 7.0 no yes yes yes GPS
Huawei Mate 10 8.0 no yes yes yes GPS GLONASS
GLONASS
Samsung S8 (Exynos)’ 7.0 no yes yes yes GPS
Huawei Mate 10 Pro 8.0 no yes yes yes GPS GLONASS
GLONASS GALILEO
ZSS
g BeiDou
Google Pixel 2 XL 8.0 yes no no yes GPS Qzss
GLONASS S S8 (QCOM)? 7.0 GPS
. amsung S8 ( Y i no no no yes
BeiDou Huawei P10 70 no yes yes yes GPS
QZSs GLONASS
Google Pixel 2 8.0 yes no no yes GPS CaFILEC
GLONASS Zlm
GALILEO gzss
BeiDou Huawei P10 Lite 7.0 no no no yes GPS
QZSs
Huawei Honor 8 7.0 no yes yes yes GPS
Sony Xperia XZ1 8.0 no no no yes GPS GLONASS
GLONASS BeiDou
Samsung Note 8 (Exynos) 7.1 no yes yes yes GPS Huawei Mate 9 70 e yes yes yes GPS
GLONASS GLONASS
GALILEQ BeiDou
BeiDou
Huawei P9 7.0 no yes yes yes GPS
Samsung Note 8 (QCOM) 7.1 no no no yes GPS GLONASS
GLONASS .
eiDou
GALILEQ
BeiDou Google Pixel XL 7.0 no no no yes GPS
LG V30 712 no no no yes GPS Google Pixel 7.0 no no no yes GPS
BLRED Nexus 6P% 7.0 no no no no GPS
Moto X4 2017 7.1 no no no yes GPS Nexus 53 7.0 i i i i GPS
GLONASS
Nexus 9 (non cellular 71 no yes yes yes GPS
version)* GLONASS
. . .
.
https://developer.android.com/guide/topics/sensors/gnss -




Recently announced first dual-frequency phone

e Xiaomi's world’s first dual-frequency
GNSS smartphone Mi8

* Fitted with a Broadcom BCM47755
chip

* launched on May 31

* the world’s first smartphone providing
below meter accuracy for location-
based services and vehicle navigation

 Raw measurements can help to
provide even higher accuracy

e Use L1/E1 and L5/E5 frequencies

23



https://www.gsa.europa.eu/newsroom/news/broadcom-announces-world-s-first-dual-frequency-gnss-receiver-smartphones

GSA Task Force: created shortly after Google's
announcement

* The GSA GNSS Raw Measurements Task Force was
established following the announcement of Google in 2016
to make the Android Raw Measurements available from
Android 7.0

e Continuously open call for participation (write to
market@gsa.europa.eu )
* No fee for membership

* Objective(s):
-“to share knowledge and expertise on Android
raw measurements and its wider use, including its
potential for high accuracy positioning
techniques”
- “valorise the Galileo differentiators”

24



mailto:market@gsa.europa.eu

GSA Task Force: Short history

* First workshop took

Detoite.  SPAC @axe REOKUBUN ‘ IFSTTAR RI GNSS raw measurements

MR placeinluly 2017 (over i
= - Y ¢ 30 participants) P
T cnes  Meeting served as
BRC =5 AIRBUS @esa Ny a brainstorming
2 =i t Ei)“t“t'."ﬁ'aﬁéhmp U event for what
e TED KINGOOM - CHIVA - NALAYSA SPIRENT later became the
@ 3 wreonrons - @ waysure S Uiyl it White Paper
N\ soqgel © RN 4
L B O R Ny - * Testing results of some
members were
Task force had almost 60 members before today's workshop presented during ION

2017 conference in

e The Task Force includes GNSS experts, scientists and GNSS Portland, USA

market players

25



https://www.gsa.europa.eu/gnss-raw-measurements-task-force

GSA Task Force: Galileo Raw measurements White
Paper published in January 2018

Part I: overview of the theoretical basics needed to
reconstruct GNSS raw measurements using Android, including
a basic overview of GNSS, GNSS time references,
pseudoranges, navigation messages and position estimation

Part Il: information on how to access and use raw
measurements, including generating pseudoranges and
Doppler

Part lll: a look at the most promising techniques and
discussion on the benefits and limitations of each technique

Part IV: use cases that may benefit from the increased
accuracy and integrity obtained with the use of GNSS
measurements

26




Smartphones will continue to be the most popular
platform to access location-based services

Shipments of GNSS devices by type
3,000 -
2,500

2,000

1,500

1,000 1'
500

HENREN
.,JHH!HIIIIIIIIIIIII[

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Units (Millions)

maE Tablets mn Digital cameras mE Portable computers

B u Sport & Wearables Personal tracking devices B 1 Search and Rescue (PLB)
mE Smartphones

FRC I S O

MARKET REPORT GNSS Market report 2017 \N“\°"‘6
- + Get all the latest GNSS market updates,
opportunities and trends on the LBS segment

o
of e
pa? \z:,hwe"s“
o

27



https://www.gsa.europa.eu/system/files/reports/gnss_mr_2017.pdf

The second issue of the GNSS User Technology
Report, a publication on user technology

\4
The 2 edition of the GSA’'s GNSS User a9
Technology Report is available free of gow®
o0
a"x“'
i : ! I"\ b
Including: | GNSS USER TECHNOLOGY REPORT NS
* General overview of the latest GNSS ISSUE 2 \\ —
receiver technology common to all "
application areas

* Anin-depth analysis of GNSS user - ‘E'
technology as it pertains to three key n_\"ﬁ\:_“"
macrosegments: e s -

v' Mass market solutions A Q I

v’ Transport safety and liability-critical ) s °
solutions E D_/

v’ High precision, timing and asset

management solutions m

* Editor’s special on Automation and
increasingly important role of GNSS

28




>

Linking space to user needs

How to get in touch: gl \wwWW.GSA.europa.eu

& EGNQOS-portal.eu & GSC-europa.eu G UseGalileo.eu
7

e

The European GNSS Agency is hiring!

Apply today and help shape the
future of satellite navigation! .



http://www.gsa.europa.eu/
https://www.gsa.europa.eu/subscribe-gsa-today
https://www.gsa.europa.eu/subscribe-gsa-today
http://www.gsc-europa.eu/
http://www.egnos-portal.eu/
https://www.facebook.com/EuropeanGnssAgency/
https://www.facebook.com/EuropeanGnssAgency/
https://www.linkedin.com/company-beta/1597589/
https://www.linkedin.com/company-beta/1597589/
https://twitter.com/eu_gnss
https://twitter.com/eu_gnss
https://www.youtube.com/user/egnos1
https://www.youtube.com/user/egnos1
https://www.slideshare.net/EU_GNSS
https://www.slideshare.net/EU_GNSS
http://usegalileo.eu/EN/

Earth Observation, Navigation and Science

Using GNSS Raw Measurements on Android Devices
Part Il

Towards better location performance in mass market applications

Moises Navarro-Gallardo

AIRBUS



DEFENCE AND SPACE

» Introduction to GNSS Systems

» PVT Needs

» What are the Raw Measurements?

» GNSS Measurements Generation From Raw Measurements

» Pseudorange
» Carrier Phase
» Doppler

» Examples

» Dual Frequency
» Pseudorange generation in Matlab
» RTK positioning

AIRBUS



GNSS Systems: Introduction

DEFENCE AND SPACE

. L5
Galileo

1176.45 MHz  1207.14 MHz
£5aq AIBOC(15,10)  £opy

*

GALILEO

ESa-Q ESb-Q

LS54

LsQ
BPSK(10)

1176.45 MHz 1202.025 MHz
Lsoc- L3ocA
Lsoc-a L30c-Q
1176.45 MHz  1207.14 MHz
ARBOC(15,10) 521,.0 (08)

B2a-P(0S) B2b-P (0S)

GNSS Signal Plan

1278.75 MHz
ES6,, E6,
BPSK(5)
E6,
BOC__(10.5)
M-Code
BOC(10,5)
3K(1
1248.06 Mhz
L20C
BPSK(1
BOC(1,1)
L20CM
BOC(5,2.5)

1268.52 Mhz B3(AS)
BPSK(10)

B3-A(AS)
BOC(15.2.5)

BYAS)
BPSK(10)

L1

1575.42 MHz

E1.E1
BOC(6,1,111)

E1.
BOC_.(15,2.5)

M-Code
BOC(10.,5)

L1C

BOC(1.1)

Lic.Q

TMBOC(8,1,433)

1600.995 Mhz

1575.42 MHz L10C
L10ci BPSK(1)
l l BOC(1,1)
L10OCM
BOC(5,2.5)

1575.42 MHz

B1-C

MBOC(6,1,1/11)
81
BOC(14.2)

AIRBUS



GNSS Systems: Time References |

DEFENCE AND SPACE

Galileo System Time

» GNSS reference times are really stable

» Each GNSS System has its own System Time

» Each System Time uses its own Reference time
» Biases between reference times are known

» The bias between all GNSS System Times and
UTC can be computed

Multi-constellation Receivers
only provide one time

AIRBUS



GNSS Systems: Time References |l

DEFENCE AND SPACE
40 T T T T T
- = == | Time difference between reference times
r GLONASS BeiDou -
30 | ~ =7 | » Receivers need to know the time differences between
= 25| systems
§ 20 yre cateo | » Small variations are computed by each system and
% 15 IH_,:"" ] broadcasted in the navigation message
£ 10 |
(]
5 | GPST - TAI TAI = GPST + 19s
-10 : ' - - : GST - TAI TAI = GST + 19s
1970 1980 1590 2000 2010 2020
Year GLONASST-TAl  TAI=GLONASST -3h + leapsecond
These biases are needed for the TAIUTC-TAI UTC = TAI - leapsecond
generation of pseudorange using UTC - TAI TAI = BDT +3 3s

raw measurements

AIRBUS



PVT Needs

DEFENCE AND SPACE

Inputs for PVT Computation

>

Pseudorange: distance measurements between the
user’s receiver antenna and the satellite position and the
clock bias.

Satellite Position: computed by each GNSS system and
broadcasted in the navigation message or obtained by
third systems (assisted data).

PVT Computation

>

Clock Bias: Bias between the receiver time and GNSS
System Time. The same bias applies for the entire
number of satellites of each constellation.

At least four pseudorange are needed (x,y,z and the clock
bias).
The navigation solution shall be computed

R} =pJ +c-dt,

xo=x!  yo=y! z=z' |\ gy
Rl — pl 1 T T
Po Po Po Po dy
n ) n - on on n dz
R™ — pg X=X Yo=¥V~ Zy=Z 1 dt
Py Py PO ¢raty
N L
h
H

AIRBUS



What are the Raw Measurements?
DEFENCE AND SPACE

GNSS Chipset Structure

» RF Signal is downconverter to baseband or IF frequency
» The signal is digitalized by the ADC

» The Baseband module tracks the Code and the Carrier
» Pseudoranges and PVT is computed

RF Front-End

ADC

Baseband
Processing:
Code&Phase

External
Information

Raw measurements take place
before the pseudorange

generation
Raw
measurements
Pseudorange
Generation PVT PVT
& Message Computation Sats. Info
Decoding

External
Sensors

AIRBUS



What are the Raw Measurements?
DEFENCE AND SPACE

Relation between Raw and typical GNSS Measurements
Android Raw Measurements » The Accumulated Delta Range is directly the Carrier Phase
» The Revived Satellite Time is needed to Compute the

“ GNSS Chipset ‘
conagI — 5 g pseudorange

Data

ANDROID 7 | » Rx Time is needed to compute the pseudorange
Nougat
b » Clock Bias can be used to compute the pseudorange
\E Basic Config
Ny o GNSS Measurement Raw Meas. o
. E ; Criteria
Data | Location
‘, API 24 Doppler PseuRangeRate needed
oo ). | [ oNssclock ) Carrier Phase Accumulated Delta Range needed
o |<T>] - Retime ] |
— | Received Satellite Time needed
=3 L Pseudorange
| Pseudorange  RxTime needed
i S| e : :
. Clock Bias optional

AIRBUS



GNSS Measurements Generation: Pseudoranges | €% (+)

DEFENCE AND SPACE

Pseudorange Generation
» The generation is a measurement of distance obtained through time measurements

tp, is based on the

p = (tp, — tr)C receiver clock

» tr, IS the time when the signal was transmitted at the measurement time
» ltis the Received Satellite time measurement provided by android raw measurements
» ltis provided in GNSS time - Depends on the constellation
» Depending on the tracking status it can be ambiguous (explained in the next slide)

» tgr, is the time when the signal arrived to the received or the measurement time
» It must be in the same time reference as the T,

AIRBUS



GNSS Measurements Generation: Pseudoranges % e

DEFENCE AND SPACE

Pseudorange Generation p = (l’Rx — th)'C

» tr, is provided by Android (ReceivedSvTimeNanos).
» Their valid range changes depending on the tracking status.

E1B Galileo Component

(Data)
UNAV page 1 | - | INAVPage 15 |—> Tow
Ly tq *. E1B page Sync
C/A Code C/A Code St
e Tms B Tms e | 1 Symbol | EEEE | 500 Symbol |
I I Satellite /I\ 1\ /I\
Signal
-
1 Chip | 1Em8Ccode |  -eee | soOEIBCCode |
I I Local T
Replica '___Ech Code Lock
Satellite/GNSS time - " —
; : e 1 Chip — | 4092 chips |
ix Lx

AIRBUS



GNSS Measurements Generation: Pseudoranges Il

DEFENCE AND SPACE

Pseudorange Generation

» Ranges bigger than the propagation time can be used for the pseudorange generation

ReceivedSvTimeNanos Range

-- Sync Status Time -- Sync Status Time

E1C 2nd
code 100 ms

-- -
Subframe
sync

1ms

20 ms

6s

1 week

P = (tRx o th).C

Values bigger than the
propagation time can be
used for unambiguous
pseudorange
computation

AIRBUS



GNSS Measurements Generation: Pseudoranges IV

DEFENCE AND SPACE

Pseudorange Generation
The main task is to compute tp,

The receiver only has the internal hardware clock = TimeNanos in Android
» The clock is not synchronized with any GNSS system
» The initial time could be when the receiver is turned on

At the beginning there is no information about any GNSS time system

p — (tRx o th).C

Running
since 1999

> GNSS Time

(Galileo)

Running since Rx is
turned on
(e.g some minutes)

Receiver Time

AIRBUS



GNSS Measurements Generation: Pseudoranges V ‘ e

DEFENCE AND SPACE

Pseudorange Generation

What is the time difference between the Receiver time and the GNSS time?

The Clock Bias
(FullBiasNanos in Android)

Google Solution — Matlab Code (GPS)

compute tRx using gnssRaw.FullBiasNanos (1), so that

o)

% tRx includes rx clock drift since the first epoch:

tRx = gnssRaw.TimeNanos -gnssRaw.FullBiasNanos(l) - weekNumberNanos;
Receiver clock First Sample of the Needed since tr, is in
Provided by Clock Bias TOW range
Android Computed in PVT

AIRBUS



GNSS Measurements Generation: Pseudoranges V ‘ e

DEFENCE AND SPACE

Pseudorange Generation

What is the time difference between the Receiver clock and the GNSS clock?

The Clock Bias
(FullBiasNanos in Android)

Google Solution — Matlab Code v

compute tRx using gnssRaw.FullBiasNanos (1), so that

% tRx includes rx clock drift since the first epoch: Pseudoranges are
tRx = gnssRaw.TimeNanos -gnssRaw.FullBiasNanos (l) - weekNumberNanos; needed for PVT but
T T T Clock bias (from PVT) is
needed for pseudorange
Receiver clock First Sample of the Needed since t7, isin ti
Provided by Clock Bias TOW range generation
Android Computed in PVT

AIRBUS



GNSS Measurements Generation: Pseudoranges VI

‘},- i e
DEFENCE AND SPACE

Pseudorange Generation

A different Approach

Lets going to roughly Synchronize the Receiver Clock with a GNSS System Time

» We can assume a standard propagation delay between the GNSS satellites and a receiver in the earth.

PropagationTimeRef = 70 ms
» Standard values are between 65 and 85 milliseconds

» The Receiver clock is initialized based on the first measurement receiver plus a propagation delay

tRxNanos =

TimeNanos - TimeNanos (1)
{

+ ReceivedSvTimeNanos (1)
J

+ PropagationTimeRef

|
We initialize the receiver clock to 0
|

J
!

We sum the GNSS time of the first sample + a propagation delay

AIRBUS



GNSS Measurements Generation: Pseudoranges VI
DEFENCE AND SPACE

Pseudorange Generation

GPS and Galileo TOW Pseudoranges P = (tRx - th)'C

» Pseudorange can be computed as (nanoseconds)
pr = ( tRx - tTx )C

Galileo 2nd Code Lock

» Since the valid range is 100 milliseconds the pseudorange can be computed. The mod operator

100 milliseconds (nanoseconds) is needed
pr = ( mod(tRx,100Milli) - mod(ReceivedSvTime, 100Milli) )

GLONASS Pseudoranges
» The time difference can be applied using the mod operator 1 day (nanoseconds)

» The leap second and the UTC difference must be taken into account
pr = ( mod(tRx, DAYSEC) + 3h +LeapSecond - tTx )

AIRBUS



GNSS Measurements Generation: Doppler
DEFENCE AND SPACE

Doppler Generation

» The Doppler can be generated using the rate of the pseudorange (PseudorangeRatemetersperSecond)
» Itis provided directly by android

» The Doppler can be generated as

Frequency

D = —PseudorangeRatemetersperSecond [HZ]

Frequency is the center frequency of the signal, e.g. L1 = 1.57542 GHz.

AIRBUS



PVT Computation: Ambiguity Resolution |

DEFENCE AND SPACE

Pseudoranges ambiguous

>
>
>

There is a jump of 4 ms ( Galileo E1C code length)
After some epochs the pseudoranges goes back to the right value
During the “jump epochs” the measurements can affect the positioning accuracy

75 Pseudorange with ambiguity

T T | Pseudorange with ambiguity
745 f Jump of 4ms 745 ibl
74t (E1C code) Possible

™I Error on PVT

73.5
73.5

~
w
T

73

725

72

I ] 715F
705 1 mr
70 -

. L \/ . | 705
13:30 14:00 14:30 15:00 15:30 16:00 '
Time 15:00 .
Time

Pseudorange [ms]
~
4 N
N [6,]
Pseudorange [ms]

~
-
[

~
N

How to correct the pseudoranges? AIRBUS



75

745

74t

735

Pseudorange [ms]

75

e

705

70

PVT Computation: Ambiguity Resolution |l

DEFENCE AND SPACE

» The difference between 2 consecutive samples is applied to the pseudorange:

» A value around 4 (absolute value) indicates a jump in the pseudorange.
» From the detected epoch, all the measurements must be moved
prjump: end] = pr[jump: end] +/—4ms

Pseudorange with ambiguity

3r

725

721

~_

13:30

14:00

14:30 15:00 15:30
Time

~

w

Pseudorange Diff. [ms]
N SN o

&

Prairr = prin + 1] — prin]

Pseudorange Diff. with ambiguity

[N

.
15:00
Time

Pseudorange [ms]

~
>
o

~
N
T

~
@®
o

~
w
T

~
N
o

~
N
T

X
o

~
S

~
o
o

~
S)

Pseudor:

ange
T

13:30 14:00 14:30 15

Time

:00 15:30 16:00
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Examples: Dual Frequency

DEFENCE AND SPACE
Dual Frequency Smartphone Airbus Roof
15 T T T T T
GNSS Data Collector C +  Single Freq Rx1
. Single Freq Rx2
10k Dual Freq Rx1
5 — -
24
g
g or 05%) = 3/2405 [meters] |
o
5 8.2039 [meters]
95%) = 10.641 [meters]
10 F i
_15 1 1 1 1 1
15 -10 5 0 5 10 15

X-meters
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Examples: Pseudorange Generation in Matlab
DEFENCE AND SPACE

Pseudorange Generation
What do we need?

» Raw measurement log file
» PC running Matlab

AIRBUS



Examples: RTK

DEFENCE AND SPACE

RTK Positioning Using Raw Measurements

What do we need?
» Raw measurements = Transform to a RINEX file

» Ephemerids & Observations = Download from Internet
» RTK tool = Lets use RTKLIB ( public tool ©)

AIRBUS



Earth Observation, Navigation and Science

Using GNSS Raw Measurements on Android Devices
Part Il

Moises.navarro.gallardo@airbus.com
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Examples: RTK

DEFENCE AND SPACE

3.03 Observation Data M: Mixed RINEX VERSION / TYPE
e, ® o . GNSS Data Collector ATRBUS 20180515 085205 UTC PGM / RUN BY / DATE
RTK Positioning Using Raw Measurements e
MAREKER TYPE
SMSw unknown OBSERVER / AGENCY
. unknown Smartphons Android 7 REC § / TYPE / VERS
> R t 9 T f t RI N EX f | n/a built-in ANT  / TYPE
aw measurements ranstorm to a Hne 2.0000 50000 0.0000 AsERoX Z0SITION 12
0.0000 0.0000 0.0000 ANTENNA: DELTR H/E/N
G 4 cic nic pic sic 8Ys / 4 / OBS TYPES
R 4 cic nic pic sic 8Ys / 4 / OBS TYPES
E 4 CI1X L1X DIX 81X 8Ys / 4 / OBS TYPES
2018 05 15 08 52 35.0000000 ces TIME OF FIRST OBS
. GLONASS COD/PHS/BIS
Log Rinex = oF HmanER
file ) V3 ) > 2018 05 15 08 52 35.0000000 0 14
G10 23955580.020 5 118169950.271 -1350.136 £3.955
612 21531513.443 5 118133263.071 1719.489 45.427
613 23051503.476 5 118206846.658 -4578.088 45.682
’ ’ G15 21641474.619 5 118194717.660 -3475.211 28.353
G17 22196364.377 5 118173028.586 -1647.119 28.032
G195 21471384.969 5 118155029.817 142.804 27.064
G20 24524065.143 5 118193171.666 -3662.476 20.303
G24 20401765.249 5 118156056.786 41.622 29.186
. . 528 25159566.095 5 118157671.760 -£111.480 37.504
> E hemerlds & Obse rvatlons RI N EX 532 25696543.253 5 118127857.492 2599.469 20.743
p E02 28898377.669 0 -2999.022 45.115
E07 24714382.989 5 118182491.772 -2600.503 27.158
E08  28783488.206 0 -2163.898 39.337
> DOWnload from Internet E30 21557286.001 5 118165246.080 -875.969 27.303
> 2018 05 15 08 52 36.0000000 0 13
Gl0 23956234.244 5 118171340.596 -1350.461 23.812

» Local Base Stations

/@ cois | | Data and Derive: X\

- C | & Sicher | https://cddis.nasa.gov/Data_and_Derived_Products/GNSS/RINEX_Version_3.html

Thestfamn.gdirectoryfortnveseﬁvlesis: http://Cddis.nasa.gOV/Data and Deri
LR ved Products/GNSS/RINEX Version

daily/YYYY/DDD/YYUXXXXMRCCC_K_YYYYDDDHHMM_01D_30S_tt FFF.gz (daily 30-second files) m

Append the following directories and file names to the starting directory:

hourly/YYYY/DDD/HH/XXXXMRCCC_K_YYYYDDDHHMM_01H_30S_tt FFF.gz (hourly 30-second files)

highrate/YYYY/DDD/YYYHH/XXXXMRCCC_K_YYYYDDDHHMM_15M_01S_tt FFF.gz (15-minute 1-second
files)

AIRBUS


http://cddis.nasa.gov/Data_and_Derived_Products/GNSS/RINEX_Version_3.html

Examples: RTK

DEFENCE AND SPACE

RTK Positioning Using Raw Measurements
» Ephemerids & Observations = Download from Internet

http://cddis.nasa.gov/Data and Derived Prod .
ucts/GNSS/RINEX Version 3.html www.igs.org\network

[ 165 Network x

€ 5 C | @ Nicht sicher | www.igs.org/network

4-character IGS station name i P Network N
M monument or marker number (0-9) type of data: % = P B
R receiver number (0-9) GO = GPS Obs. Map v gl s '.'!6 A
CCC  ISO country code RO = GLONASS Obs. e 3 A ‘ it

i EO = Galileo Obs. k bl s e :
K Data source: JO = QZSS Obs. 4 : -
Y Finland, Rut

R = From Receiver data using vendor or other software I%O—-I ssgsogzs g b O

S = From data Stream (RTCM or other) T 2 i OBE400DEU )

U = Unknown S0 = SB.AS Obs. > el e Last RINEX2 : AEs Q

s - MO = Mixed Obs. . | LastRINEX3:
YYYY 4-digit Gregorian year GN = Nav. GBS £ wgom / T
< &= 0\ KO
DDD  3-digit day of year RN = GLONASS Nav. 8580 o o 0T &l v0m o e =<
= EN = Galileo Nav. 0 58 e B g % T
YY 2-digit year JN = QZSS Nav. T OBy Ao &, = Q=0
S = 00" oA s Uzbekistar® iyt
t type of data: CN = BDS Nav. [ o el Qi g S
< IN = IRNSS Nav. ; b

(e g S S s

g = GLONASS navigatﬁon message data m:-‘l =_ I\I:‘la\; (A"'GNS? (():t? nstellgtlons)

h = SBAS payload navigation message data = Meteorological Ubservation

| = GALILEO navigation message data v ‘o

m = meteorolegical data File format: ‘b'“’s'% .

n = GPS navigation message data FFF

o = observation data mx = RINEX %

p = mixed GNSS navigation message data crx = Hatanaka Compressed RINEX 3 :‘”""“"" =10

q=QZ5S nz}vigation message data Col R . ‘ Y

s = observation summary files (extracted from RINEX header) .0z Compressed file FGE"gIé: ,,,,,,,,, o e S etrzll i 2 M. e e

HH 2-digit hour

o
MM 2-digit minute AI R B U


http://www.igs.org/network
http://cddis.nasa.gov/Data_and_Derived_Products/GNSS/RINEX_Version_3.html

Examples: RTK

DEFENCE AND SPACE

RTK Positioning Using Raw Measurements

» RTKLIB

T RTKPOST ver.2.4.2 - 0] x|

[T Time Start (GPST)  * [T Time End (GPST) ? [T Interval [ Uit

IEIIIIF_."IE_."EIF ::Iw:-m:an :|| IEIIIIF_."IE_."EIF ::IIE:SE:EIEI :|| |uj A | |24 H

RIMEX CBS: Rover ? (S|

[c: WP 1x_wo2\Android 7RTK\BenTests\Outside [Test1\5MMw_20180515_11013¢ wg=a——— RINEX created from raw data
RIMEX OES: Base Station & = ) )

[c: WP 1x_W02\Android 7WRTK\BenTests\Chamber\SMsw_20180515_105211_rour g——Observation RINEX (internet)
RIMNEX *MAV/CLK, 5P3, [ONEX or SBS/EMS EEAE

IC:‘!,WPlx_WDE‘lﬁ.ndruid ?\RTK\,ElenTests\DLFmnNLD_R_EUlBHEUUUU_DlD_MN.rrj&.— Navigation RINEX (internet)
Solution [~ Cir IC:'-.'J-;'F'lx_'\'-a'DE'-;'a.ndr-:uid 7\MM_Campaign_2017_DataMunich Sub urb J
IC:‘!,WPlx_WDZ‘l,ﬁ.ndruid TRTE\BenTests\Outside {Test1'SMMw_20180515_11013¢ j J

|I:I = done ? |

Flot... | View... |Tu@'1L... Options. .. Execute | Exit |

AIRBUS



Examples: RTK

DEFENCE AND SPACE

RTK Positioning Using Raw Measurements

> RTKLIB

T RTKPOST ver.2.4.2 - 0] x|
[T Time Start (GPST)  * = [T Time End (GPST) ? = [T Interval [ Uit
IEIIIIF_."IE_."EIF j13:-1ﬂ:-30 — IEIIIIF_."IE_."EIF j15:55:an — |uj A | |24 H
RIMEX CBS: Rover ? (S|

RIMEX OBS: Base Station & E

RIMEX *MAV/CLE, SP3, [OMNEX or SBS/EMS BEEA

| =1
| =1

[c: WP 1x_wo2\Android 7RTK\BenTests\Outside [Test1\5MMw_20180515_11013¢ wg=a——— RINEX created from raw data

[c: WP 1x_W02\Android 7WRTK\BenTests\Chamber\SMsw_20180515_105211_rour g——Observation RINEX (internet)

[c: WP 1x_WO2\Android 7WRTK\BenTests\DLF 100NLD_R_20181350000_01D_MN. 1 Sifmmfrmmmmme Navigation RINEX (internet)

Solution [~ Cir IC:'-.'J-;'F'lx_'\'-a'DE'-;'a.ndr-:uid 7\MM_Campaign_2017_DataMunich Sub urb J
IC:‘!,WPlx_WDZ‘l,ﬁ.ndruid TRTE\BenTests\Outside {Test1'SMMw_20180515_11013¢ j J

AIRBUS



Examples: RTK

DEFENCE AND SPACE

RTK Positioning Using Raw Measurements
» RTKLIB

Settingl | setting2 | Output | Stats | Positions | Files | Misc |

Positioning Made |static =]
Frequendies [ Filter Type |L1 j ICnmbinecj
Elevation Mask (%) / SMR. Mask (dBHz) |15 vI

Rec Dynamics [ Earth Tides Correction  |OFF * | |OFF =
Ionosphere Caorrection IErnadcast j
Troposphere Correction ISaasEmoinen j
Satellite EphemerisClodk IBroadcast j

[T SatREY T Rec PCY [T PRWindug [T Reject Ecl [ RAIM FDE

Exduded Satellites (+PRN: Induded) |

¥ GPS [~ GLO [ Galileo [~ QZSS |~ SBAS |~ BeiDou

Load... Save... K Cancel

x|

|static d
Standalone

DGPS/DGNSS

Kinematic

Static € Smartphone

Moving-Base .
Fixed Static RTK
PPP Kinematic
PPP Static
PPP Fixed

Constellations to be used

AIRBUS



Examples: RTK

DEFENCE AND SPACE

RTK Positioning Using Raw Measurements

» RTKLIB
= |
Settingl | setting2 | Output | Stats | Positions | Files | Misc | Standalone
Positioning Mode |static | ‘L Eﬁii’fﬁ”ﬁ
Frequendies [ Filter Type |L1 j ICnmbinecj 51313:': <€ S mart p h one
Hlevation Mask (%) /SNR Mask (dBHz)  [15 <] .. Houg oo Static RTK
Rec Dynamics [ Earth Tides Correction  |OFF | |OFF - EEE ?gipgaﬁc
Ionosphere Correction IErnadcast j PPP Fixed
Troposphere Correction ISaasEmoinen j
Satellite EphemerisClodk IBroadcast j
[T satPCY [T Rec PCY [T PRWindup [T Reject Ecl [V RAIM FDE
Exduded Satelites (+PRN: Induded) |
¥ GPS [~ GLO |v Galleo [~ Qzss [~ sBas [

tellations to be used

AIRBUS



Examples: RTK

DEFENCE AND SPACE

RTK Positioning Using Raw Measurements
» RTKLIB

£ RTKPO

=101 =]

[T Time Start (GPST)  *
|2uJ1,

[T Time End (GPST) ? [T Interval [ Uit
112/07 :‘|13:+3.Jn :|| |2uJ1,_ 12/07 :I15:55:-Jn :|| |uj A | |24 H

RIMEX CBS: Rover ? (S|
IC:\,WPlx_WD?_‘lAndrnid 7\RTK\BenTests\Outside \Test1\5MMw_20180515_11013¢ « | J
RIMEX OES: Base Station & =
IC:‘I,WPlx_WDE‘IAndrnid 7\RTK\BerTests\Chamber\SMSw_20180515_105211_rour j|_|
RINEX *NAV/CLK, SP3, IONEX or SBS/EMS B2 EE
|c:1|,WPn_w02wdmid 7\RTK\BenTests\DLF 100NLD_R_20181350000_01D_MN.r1 | J

| =1
| =1

P 1x_WO2\Android

Solution [~ Cir IC:' AM_Campaign_2017_DataMunich Sub urb J

ionos apt
Trope opt
ephemeris
navi sys
anb res

val thres

W e w0

% GEST
2012/05/15
2018/05/15
2012/05/15
20128/05/15
2018/05/15
2012/05/15
2018/05/15
2012/05/15
2018/05/15
2012/05/15
2018/05/15
2012/05/15
20128/05/15
2018/05/15
2012/05/15
2018/05/15
2012/05/15
2018/05/15
2012/05/15
2018/05/15
2012/05/15
2018/05/15

broadcast

saastamoinen

broadcast
gps galileo

instantanecus

50.0

48.05229200

10.000
11.000
12.000

{

0 11.653226

latitude {deq)
48.051653015
48.051652845
48.051653071
42.051652771
48.051652968
48.051653060
48.051653193
4£.051653061
48.051652961
48.051653189
48.051653104
48.051652982
42.051652984
48.051653193
48.051653038
48.051652831
4£.051653028
48.051652951
48.051653052
48.051653005
48.051652861
48.051652868

0.0000  0.0000
0.0000  0.0000
000 631.5896

longitude (deq)
11.655380650
11.655380783
11.655380639
11.655380887
11.655380757
11.6553280639
11.655380597
11.655380808
11.655380650
11.655380520
11.655380532
11.655380735
11.655380605
11.655380614
11.655380496
11.655380719
11.655380826
11.655380686
11.655380636
11.655380705
11.655380926
11.655380676

0.0000)
0.0000)

height (m)
611.8123
611.8275
611.8559
611.8554
611.8703
611.8294
611.8319
611.8433
611.8272
611.8556
611.8335
611.8325
611.8134
611.8325
611.8414
611.8373
611.8479
611.8024
611.8260
611.8248
611.8274
611.8341

IC:‘!,WPlx_WDZ‘l,ﬁ.ndruid ?}QTK\EenTests\,Dutside‘l,Testl‘lSMMw_lUlSUElE_llUlSEj k

T O O Y

ns
7

B L P e e e )

sdn (m)
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312
0.0312

sde (m)
0.0239
0.0239
0.0239
0.0238
0.0239
0.0239
0.0239
0.0238
0.0239
0.0238
0.0239
0.0239
0.0238
0.0239
0.0239
0.0239
0.0238
0.0239
0.0238
0.0239
0.0239
0.0239

(lat/lon/height=HGS84/ellipsoidal, Q=1:fix, 2: float, 3:sbas, 4:daps, 5:single, 6:ppp, ne=f of satellites)

3du (m)
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685
0.0685

Name of the

sdne (m)
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181
-0.0181

adeu m)
0.0246
0.0226
0.0246
0.0226
0.0246
0.0246
0.0226
0.0246
0.0286
0.0246
0.0286
0.0246
0.0226
0.0246
0.0246
0.0226
0.0246
0.0286
0.0246
0.0286
0.0246
0.0226

sdun (m) age(s)

-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00
-0.0310  0.00

new file
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Examples: RTK

DEFENCE AND SPACE

RTK Positioning Using Raw Measurements
» RTKLIB

Single Point Positioning RTK

-1ol x| 2% C:\WP1x_W02\Android 7\RTK\BenTests\Outside\Test1\SMMw_20180515_110136 o ] B3]
File Edit View Help File Edit View Help

ﬂ’Tg 1-2|GndTrk'l I'N‘L vl 4 vl P ® e BW@B h X5 O -n- 1|T1-2|Gr1dTrkv |Q=2'l 4+ @ o cle &H m RGN - ]

20 cm Errors

|[1]2018f05,|’15 09:01:56 GPST-05/15 09: 17:02 GPST : N=864 B=0.0km Q= 5:864(100.0%) |[2]2018f05,|’15 09:01:56 GPST-05/15 09:17:02 GPST : N=8564B=0.2km Q=1:1(0. 1%) 2:363(22.9%)
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1. Results from 1st Galileo App Competition
= Teams and apps developed
= GNSS Compare, winning app
= In field app testing
2. Current smartphone positioning performance
= From open-sky to urban and indoor
3. Towards sub-meter High Accuracy Apps
. Dual Frequency

=  Carrier Phase
=  User algorithms

4. Expected Android P location enhancements
=  Wi-Fi RTT for indoors

5. Hands-on examples (MATLAB, RTKLIB)
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Galileo Android App Competition \
The context of the challenge

©
N
Q

- Launch of the ESA internal competition: October 2017

- Objectives of the competition

Design an Android application that

processes GNSS Raw measurements
Form teams

(3 to 5 persons)

Galileo only, GPS only and
Galileo+GPS PVT functionalities

- Three teams into the final: W

&Y (J
Y 3 _
Galocator Calisto GNSS Compare
(Team 5G) (Chocolateam) (The Galfins)
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GNSS Compare - Winning App \=@eSsa

/

GNSS Compare ® = Supported constellations:

\@\ GNSS Compare - Galileo, GPS (separate or combined)

Research lab in your pocket

Implemented PVT estimators:
- Weighted Least Squares

Constellation status

Visible Used

e W - Extended Kalman Filter (initialized with Android FINE location)
Galileo 4 <
Calculation results Data Iogging formats:
TR T - Simple logger (UTC timestamp, X, Y ,Z)
GPS 52.16959  4.48095 47.8 1637
Galileo 5216957  4.48094 483 1633 - NMEA (UTC timestamp, |at’ |0n, a|t, CNO)
START
RAW LOG i}
Available on Google Play:
ESA YGT winning team, “The Galfins”: Mareike
L Burba, Sebastian Ciuban, Dominika Perz,

- Online documentation https://gnss-compare.readthedocs.io Mateusz Krainski
Gaetano Galluzzo | 24/09/2018 | Slide 4
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https://gnss-compare.readthedocs.io/

GNSS Compare as an educational tool

GNSS Compare ® % GNSS Compare ® o GNSS Compare ® 0O GNSS Compare @ B
Satellite signal strength
\5 GNSS Compare
\ Research |ab in your pocket
50

Constellation status nn Leiden @
. Visible Used
Galllgﬂpg GPS :: ‘\e’l @ @
Galllea 5 i

®
®
Calculation results @
Galilea+GPS 5?.';?;4 4, ::;SG 6‘?)"’) Tcﬁsl;:;? 4@05 g@ Q
GPS 5216944 44809.1. 573 TEBISESF ©
Galilea 52.16868 A.AB0GE 1228 FEREG1 S E’ﬁfé.of
St &
START & Y o
RAW LOG 3 é;?@ % o
‘5“:6 B Go glg’
& & 7
&
L] Google [
Real-time PVT o . .
A . Monitoring satellite EKF trajector WLS vs. EKF
estimations display g ) y
C/NO
ESA UNCLASSIFIED - For Official Use
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Ephemeris
provider

Raw GNSS Satellite

parameter
NEEREnERES calculation

- GNSS Compare source code available from https://github.com/TheGalfins/GNSS Compare
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https://github.com/TheGalfins/GNSS_Compare

GalileoPVT App

List of satellites
seen, includes sighals — S i o
no longer being
received

List ordered by signal
strength, also plotted

Prediction of satellite
visibility and
visualisation of

satellites on a sky plot

Download of
Ephemeris and SV
clock data from SUPL

2.0 server

ESA UNCLASSIFIED - For Official Use
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GalileoPVT

- 804 11
- 805 KT/KT

- 799 2/2
- 797 O/KT
- 764 0/2
- 795 0/2
0f" 1% 22 =761 0/0

7 live Galileo signals (11 live GPS)

12 “

x availability history

SUPL ephemerides/
coefficients up to date

® Android location known

L] [J Logging

(i
I
I
I
ili
i

©
I
T

\ \\\\\k

Includes signal sync \\

status (current/best),
and calculated
pseudorange (ms)

eSa

Sky plot rotates to point North

Visualisation of satellite health,
signal sync status and satellite
paths

Sky plot

Live signal

Available
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GalileoPVT - Augmented Reality View

=

GALILEO AR

-
>
o

o
2
©
(O]
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Galileo App Competition 2018/2019

* Objectives of the competition Design an Android application that
processes GNSS raw measurements

Form teams

(3 to 5 persons) Galileo only, GPS only and Galileo+GPS

PVT functionalities
(GLONASS and BeiDou optional)

Students from European
universities and trainees at
European R&D organisations

Dual frequency vs single frequency,
sub metre accuracy worldwide in
open sky condition

. Prize: ESA/JRC International Summerschool on GNSS 2019 in Portugal

EVENT DATE
Announcement of Competition 24 Sep. 2018
Registration deadline for Information Day 8 Oct. 2018
Information Day 16 Oct. 2018
Proposal submission deadline 12 Nov. 2018
Announcement of selected teams to
proceed to development phase 26 Nov. 2018
App Development Nov. 2018 - Mar. 2019
Competition Final at ESTEC (with live
web streaming and on-line voting) 18 Apr. 2019

ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 9
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Smartphone-based positioning

SATELLITE BASED SIGNALS

GNSS chipset

ACCELEROMETERS

GYROSCOPES

MAGNETOMETER

BAROMETER

.\7J

SENSORS/LOCATION HUB

HIGH ACCURACY EN-E-Em
CORRECTIONS IGS s
A-GNSS DATA )
A

NFC
A
BLUETOOTH

TERRESTRIAL RF
Last generation chips combine GNSS and sensors
through tight integration in a single location hub,
providing very smooth and accurate solutions
ESA UNCLASSIFIED - For Official Use Images/Icons credit https://icons8.com/icon/2305/nfc-tag | TechInsights
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There are 3 families of

smartphone based

positioning:

1. Satellite based signals
(GNSS, SBAS)

2. Sensors

3. Terrestrial based RF
signals

Technology is evolving
towards a indoor/outdoor
seamless positioning solution
on smartphones.

Gaetano Galluzzo | 24/09/2018 | Slide 10
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Typical Outdoor Open Sky Positioning Accuracy

‘ @

METER-LEVEL METER/SUB-METER DECIMETER CENTIMETER

O
"
0

SINGLE DUAL PPP/RTK PPP/RTK

FREQUENCY FREQUENCY < >
multi-GNSS multi-GNSS

Only commercial/professional apps for
ESA UNCLASSIFIED - For Official Use Icon credit: TMD Nuon Project real time solutlop .
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GNSS positioning - Error Sources &&iesa

N4 a Signal In Space Ranging Error (SISE)

Ionosphere .
Propagation Errors

Troposphere

Local User Errors

Semsor  Segment  yplink T
stations . :
worldwide Stations Local User Environment
Obstruction of Visibility,
Reflections of Signals
ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 12
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How does the second frequency L5/E5 help? &&iesa

GNSS receivers track the peak of a spreading code correlation vector with a Delay Lock Loop (DLL)

:»»» Shortest path Dual Frequency Satellites available: O':

17 Galileo (E1/E5) +
12 GPS Block IIF (L1/L5)

L1/E1

Slow code rate signals have wide peaks,
.+ Shortest path creating a multipath “blob”

W

High code rate signals generate sharper correlation peaks (10.23Mhz compared
to 1.023Mhz for L1/E1). The earliest correspond to the shorter path

Urban Canyon

Illustration: S.K. Moore, IEEE Spectrum

ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 13
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https://spectrum.ieee.org/tech-talk/semiconductors/design/superaccurate-gps-chips-coming-to-smartphones-in-2018

Smartphone Testing scenarios ‘\\N €eSd

Several phones used: Samsung Galaxy S8, S8+, Huawei P10, Xiaomi Mi8. Also the Broadcom
Dual Frequency GNSS chip (BCM4775) evaluation kit + Professional Antenna tested.
1) Static, ESA-ESTEC radio-navigation lab rooftop

2) Pedestrian, ESA-ESTEC football field
3) Vehicular, sub-urban and urban environments

ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 14
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Sub meter static positioning accuracy with DF GNSS \\

chipset {cesa

Static Test - ESTEC Navlab roof
15th August 2018 11:10-11:30 (UTC)

SUB-METER ACCURACY
ENABLED BY GALILEO

T\ 2r [Tl ...-=:'
= E :..
z o e
R ! 3 Xiaomi Mi8
@ _E 0.78m (95%)
2"
4 Samsung S8
= 4.32m (95%)
INTERNAL PHONE SOLUTIONS
-6
6 -4 2 0 2 4 6

W - E [m]

Multi-GNSS solution GPS+Galileo+GLONASS+BeiDou
5 GPS DF + 8 Galileo DF in view during this test

ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 15
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Multipath error signatures on Galileo E1, E5a (1/2) &iesa

Dual Frequency GNSS chip Xiaomi Mi8 smartphone
(BCM4775) + Professional Antenna (integrated antenna)
V GAL E4 ToW: 204937
100 SV GAL E4 ToW: 204622 s 10 - sve ° 04937 s
E1/L1 i E1/L1
8 [l L5/ESa
sh L5/E5a {
{ i
6F 611 | ]
T E i
5 § 4
= ©
g £ 2
£ § |
4 8 i o i [
o 0 L K
% % “‘l .|“ i \‘,
'..% g 2r i l
=5 =)
= s
4
6 r
_8 1 1 1 1 1 1 | _8 1 1 1 1 1 | 1 1 1 1
5500 5600 5700 5800 5900 6000 6100 6200 4600 4700 4800 4900 5000 5100 5200 5300 5400
Elapsed time since time interval beginning [s] Elapsed time since time interval beginning [s]
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Multipath error signatures on Galileo E1, E5a (2/2)

y

Dual Frequency GNSS chip Xiaomi Mi8 smartphone
(BCM4775) + Professional Antenna (integrated antenna)
. Static Test Roof Van Broadcom 04/09/2018 4 Static Test Roof Lab Mi8 04/09/2018
@ GAL E1 @@= GAL E1
35h == GAL E5a | | 35k we)== GAL E5a | |
@@= GPS L1 ’ m=@== GPS L1
@ GPS L5 =@ GPS L5

Multipath Combination (RMS) [m]
N

Multipath Combination (RMS) [m]
N

05
O 1 1 1 1 1 1 1 0 | | 1 1 1 | |
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Elevation [degree] Elevation [degree]
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Pedestrian test setup

Reference antenna

IS RTINS  Reference

A <3 ‘
}- ) i/ receiver

Reference trajectory generated through RTK

P Ly |
ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 18

— Il bz 4 W = " Il D == 011 T =2 g2 mm Ivl



Opens Sky Pedestrian test SF vs DF GNSS chipsets

Samsung S8 (SF) Xiaomi Mi-8 (DF)

TEST #2 14-09-2018

- Dual Frequency (DF) measurements
along with GNSS chipset algorithmic
enhancements enable a significant

TEST #1 15-08-2018 reduction of positioning error
6-8 Galileo satellites in view during the test INTERNAL PHONE SOLUTIONS

ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 19
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Vehicular test setup \‘\&&iesa

- Reference trajectory
generated through RTK

- SPAN® GNSS Inertial
Navigation System

ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 20
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ST oI

Vehicular Test at ESTEC

e

-

RTK reference tré"jé’&;'t?) v Google Earth
7 Gaetano Galluzzo | 24/09/2018 | Slide 21
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Accuracy Mi8: Final BCOM vs Final Mi8 d:esa

DRY RUN 02 Test 5 Sept 2018 - GPS GAL L1 L5 - Final: mean/STD/RMS [m] ] DRY RUN 02 Test 5 Sept 2018 - GPS GAL L1 L5 - Final: mean/STD/RMS [m]
T T T T T - T T T I

GPS + GAL L1 L5 - HPE: 0.4196 0.35526 0.5497
GPS + GAL L5 - HPE: 0.71329 0.71496 1.0097
GPS + GAL L1 - HPE: 0.80922 0.9491 1.247 M

o
3
T

o
3
T

o
)
T
o
o
T

N
~
T
o
IS
T

o
w
T

o
w
T

HPE L1 L5: 1.2208 0.97909 1.5646
HPE L5: 3.202 5.8204 6.6408

CDF of the position estimate accuracy
o
[$,]
T
1
CDF of the position estimate accuracy
o
(9}
T

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
1

02+ i 02+ HPE L1: 1.9839 2.0628 2.8614 -
01} e | 01} |
1 | 1 | L 0 1 1 1 1 1 1 1 1 |
0 0.5 15 2 2.5 3 3.5 0 1 2 3 4 5 6 7 8 9 10
Accuracy [m] Accuracy [m]
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Ingredients for High Accuracy Apps

-  GNSS Raw Measurements, available since Android N
- Continuous Carrier Phase measurements (no power duty cycling)
- Dual frequency chips (L1 and L5) for fast convergence of RTK/PPP algorithms

- Real time data stream of High accuracy GNSS corrections enabling Precise Point Positioning
(PPP) / Real Time Kinematic (RTK)

- End user algorithms (RTK/PPP)

Potential for high accurate positioning with ultra low cost GNSS chipsets, exploiting
raw measurements.

- From professional grade receivers and software to ultra low cost devices

- Centimeter-level accuracy possible with low cost devices or decimeter-level
accuracy on ultra low cost devices.

ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 23
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Real-time PPP with RT-IGS = CSa

%‘

Satellite -

! |
! |
: | BROADCAST
| ! EPHEMERIS AND
| : CLOCK
! |
! |
! |
I I 4 . N
1 1 —
! |
1
1
| | SUPL Server GNSS chip
1 | b
! 2
. ! :
1 1GS MGEX Network | g
I S
1 S
| | g (((‘ ')))
1
I 165 Real T BKG : = «—A-GNSS——
: g See:liceI e *| NTRIp T
I Caster :
Real time streams of high precision corrections enabling g
Precise Point Positioning PPP/EKF Engine
htt, igs.org/rt O
Radio Technical Commission for Marine Services (RTCM) Space State Representation (SSR) \ J
NTRIP Network Transport of RTCM via Internet Protocol
ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 24
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http://igs.org/rts

\

S
CNES PPP WizLite, first example of high accuracy app L\&\\%esa

[~

= PPP WizLite

Corrections status
Ephemeris status

SBAS status

STOP

282m

Samsung S8 test in ESTEC car parking

—_— 01 b=

- 411

CNES Precise Point Positioning WizLite engine implemented on Android devices
exploiting multi constellation raw measurements.

- From conventional smartphone accuracy of about 5m (95%) to sub-meter
positioning for static user and meter level for dynamic mode. Convergence
time is below 10 minutes.

- PPP enabled using precise orbit, clock and ionosphere corrections (VTEC) from the
IGS Real Time Service (RTCM format).

- GPS, GLONASS and GALILEO supported. SBAS enabled.

- Only code and Doppler measurements processed in this demonstration. Carrier
phase not yet exploited due to limitations associated to power duty cycle in
smartphones.

https://play.google.com/store/apps/details?id=jocs.fr.gnss ppp&hl=nl
Based on raw GNSS measurements, the app combines RTK library and very high level algorithms
developed by the French Space Agency (CNES PPP-Wizard)

Gaetano Galluzzo | 24/09/2018 | Slide 25
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https://play.google.com/store/apps/details?id=jocs.fr.gnss_ppp&hl=nl
http://www.igs.org/rts

s
Challenges of high accuracy on smartphones &;—"esa

- Demonstrations leading to sub-meter accuracy carried out mainly in open sky
conditions

- Poor measurements quality due to code noise (multipath), mainly driven by
linear polarized antenna, hiding the benefits of more accurate clocks and orbital
data. The performance of the integrated antenna dominates the error
budget

- Tests with professional grade antenna show good results

- Need for algorithms optimization for low cost hardware, with increased
code and phase measurements noise. Customize software from professional
receivers to low-cost or ultra low-cost hardware.

- Power consumption. High accuracy feature, depending on the application,
possibly not needed continuously.

ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 26
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N
Urban Canyon - Pedestrian Test &\%esa

CiNo of strongest satellites

40 " GPS threshold GAL threshold BDS
GLO threshold

In open sky conditions C/No
should be around 40-45 dB-Hz

- Significant attenuation in
urban environment, marginal
signals <20dB-Hz

- Impact of Multipath

ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 27
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. - S . ) ,
BN Google hybrid v li= . =
S X 1 ~ ; £5d |Google aerial v | ' =

2 KV ——

Tracks:
¥ Samsung S8 =

W) Xiaomi Mig &

enter: 52.16621,4.45229 AT
Map created at GPSVisualizer.com
1 | Terms of Use | Report a map error

" Google

- Walking along straight lines
- Observed positioning deviations as large as 10-20m

ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 28
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Indoors Wi-Fi Round Trip Time (RTT) d:esa

WiFi 802.11mc
PHONE ACCESS

______ FTMrequest POINT (AP
D .._>9_~__-__>@ (AP)

...... - V&

Ping FTM: Fine Timing Measurement

e B~ N, " 2 * distance = ((t4-t1) - (t3-t2)) * ¢

/O, Q//‘,)
Y, Gfo

% Y
FTM: t1, t4 KPR

‘_/ e

Image credit: Frank van Diggelen, Roy Want and Wei Wang, Google

- No exact solution due to range estimate errors
- Multilateration techniques to minimize error

2 2 _ ..2
TRI/MULTILATERATION (xo — %)%+ (Yo — )’i) =T
ESA UNCLASSIFIED - For Official Use Gaetano Galluzzo | 24/09/2018 | Slide 29
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http://gpsworld.com/how-to-achieve-1-meter-accuracy-in-android/

Android P WiFi RTT API RangingResult \‘&iesa

Public methods

int describeContents()

Describe the kinds of special objects contained in this Parcelable instance's marshaled
representation.

boolean equals(Object o)

Indicates whether some other object is "equal 10" this one.

int getDistanceMm()

int getDistanceStdDevMm()

MacAddress getMacAddress()

int getNumAttemptedMeasurements()

int getNumSuccessfulMeasurements()

PeerHandle getPeerHandle()

long getRangingTimestampMillis()

int getRssi() Google I/0 developer conference May ‘18
int getStatus()

int hashCode()

- 1 meter accuracy expected indoors

Returns a hash code value for the cbject.

void writeToParcel(Parcel dest, int flags)

REQUIRED: Access Point infrastructure supporting
WiFi 802.11mc

Flatten this object in to a Parcel.

https://developer.android.com/guide/topics/connectivity/wifi-rtt
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https://www.youtube.com/watch?v=vywGgSrGODU
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GNSS Logger
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Logging and Post Processing

esder Description

b version: v2.0.0.1 ¥

Riaomi Model: MI §

L

e 1is, TimeHanes, certaintylanos, FullBisallnss, Bisslionss, Biastincer taintylisnos bri ftlsnssbersecon
1, 0r 14 tUncer taintyHanesPerSecond, Har d ‘eE]uLmuwﬂlm.ulva S TimeOFfsethane,State, RecelvedseT s, kecelvedSTimetncer
intyHanos, CodDbHz ats ccumulated

errSerEremveneyt, Cre sy e Cort or e, o oS amsmeer ooty TS
thIngicatar, Shr1n0b,ConsteLlationType, AEcob, CarriarFrequencyll

B Fix, Provider, Latituse, Longitude, A1 titude, Spesd, hecuracy, (UTC) TimeInts
B tav, 5vid, Type, Status Messageld, Sub-nessageld, Data (Bytes)

k
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1, 7551, 302715528651, 4 10S64030021763€ -4, 1575420039, 5354200
i, 14777, 14202000008,
h213195718507953694, .9, 5. 411060035209172, ,,0, 15, 0.9, 15431, 129512924058398 10, 44 B5545025015639, 053 2148501351752, 0. 15068907495 72672
,1,13684. 03544411137, 0. 095 A T2I 50430574, 1. 5754206363, 8,1, 157540

1,1
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o, 314777, 1449200000, ,, -1219196719507953094,0. 9, 2110003519017, ,, 0, 18,0. 8,51, 2567230, 18, 35. J49226165771484, -

RAW MEASUREMENTS LOG

\\\\\\k
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- POST PROCESSING

Google GNSS Analysis Tool
https://developer.android.com/qu

X CESCRVATION DATA M RINEX VERSION | TYPE
TP o115 094734 uTC P/ M b/ ATE
farmat: andratd ¥

ey
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ARKER TYPE
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ko thkncwn  Uskionn
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6 i (3¢ Sic c5q (59 850
e sic
6 £IC LI SIC €50 159 550
3 €21 LT sar
WE B 1311 SE 259N @S

EMD OF HEADER

> 2018 8 13 11 58 529989511 @ 18

610 21035793422 3882 21035903914 42037, 5230 a7
613 25300647617 2267

615 24382072, 941 86174

616 22629742.553 20,855

620 21212638208 35,320

621 23053913, 45

626 2822705, 667 a1 2482316867 220967.1100 59,660
627 20078757, 26 757 20ATETSH. 566 146568, 4660 .50
630 2504518, 165 19,967 2850450947 125158, 0990 23,069
w7 22618052 165 41206

w08 20626229.557 176

R16 24180785, 889 24,036

r21 20203574955 22,661

521 19606162837 an

a1 26493606 192 a1033 26493698 852 46288 8150 20591
A7 25017544, 688 38,205 25937549487 129746240 35,147
B8 24019158 767 W% 2419154867 59262, 3620 22888
26 21907385, 158 22397 21807385760 96236450 1152

> 2018 B 13 11 58 53 wwm a1

de/topics/sensors/gnss#analyze

RTKLIB

www.rtklib.com

_— . wlvﬁ
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http://www.rtklib.com/
https://developer.android.com/guide/topics/sensors/gnss#analyze

Smartphone Sample Measurements Logs *\&Q‘?zﬁesa

- Xiaomi Mi8 Static Test 15-08-2018 & 14-09-2018
->GNSS Log
—->RINEX files
—>Precise orbit and clock files

Reference location precise coordinates, derived through PPP with professional antenna
and receiver (altitude over the geoid)
52.2184738778421 N, 4.41938961176881 E, 14.5485263950398 H [deg, deg, m]

> DOWNLOAD data [RE[EE: -
https://esabox.esa.int/owncloud/index.php/s/vvO4yCHgTu3kARG
password @IPIN2018
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https://esabox.esa.int/owncloud/index.php/s/vvO4yCHgTu3kARG
https://esabox.esa.int/owncloud/index.php/s/vvO4yCHgTu3kARG
https://esabox.esa.int/owncloud/index.php/s/vvO4yCHgTu3kARG

Single Frequency vs Dual Frequency static test (Xiaomi Mi8) &&“é‘_ eSa
A

SEWm Single Frequency

b s T S —

ol !
fi Single Frequency
2l

LS (m)

Single Frequency

Dual Frequency

09:00  09:05  09:10  09:15  09:20  09:25  09:30  09:35  09:40  09:45  09:50  09:55  10:00  10:05  10:10  10:15  10:20 10225
ROOFTOP TEST 04-09-2018

- SUB-METER accuracy achieved in less than 10 minutes using DF, without PPP corrections

GPS+Galileo solution
Time window maximizing Galileo satellites visibility (6-8 satellites visible)
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Standard vs. PPP solution (Xiaomi Mi8)

(s,
{cesa
£ . 5. E-W (m)
1 4PPP
o

o
|
. L2

Broadcast
Message

. Broadcast 50 cm
RTKLIB solution Message

ROOFTOP TEST 04-09-2018 09:00 09:15 09:30 09:45 10:00 10:15
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ESA Career Web Page

STUDENT OPPORTUNITIES

Post Docs: Research
Fellowship

PhD students:
Network/Partnering Initiative

Graduates: Young Graduate Trainees
Graduates: National Trainees

Student Internships

ESA UNCLASSIFIED - For Official Use
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i
I

https://www.esa.int/About_Us/Careers_at_ESA

3 EUROPEAN SPACE AGENCY ABOUT US  OUR ACTIVITIES  CAREERS AT ESA FOR MEDIA  FOR EDUCATORS = FOR KIDS

careers :\\\&ﬁiesa

CAREERS AT ESA

ESA > About Us > Careers at ESA

LATEST NEWS

ESA Young Graduate Trainees share their
experiences in videos

To kick off our application period for new Young
Graduate Trainee (YGT) opportunities, ESA YGTs
shared their experience. Until the appli...

Apply now for new Young Graduate Trainee
opportunities!

New Young Graduate Trainee (YGT) opportunities
at ESA have been published and will be open
from 20 November to 17 December 2017.

2 A UNIVERSE TO EXPLORE

ESA is exploring Earth's immediate surroundings, from low-
Earth orbit with the ISS to the Moon, Mars and beyond.

Autumn job fairs 2017
The st of job fairs in the autumn of 2017 in
which ESA will participate with experienced
engineers, scientists and representatives fro...

Heeeoo dlive

JOIN US

The Careers at ESA page is designed to give our potential future
colleagues an introduction to the opportunities and entry points to
working at ESA, and a walkthrough of what the daily life at ESA is like.
Vacancies are continuously updated, and we also encourage you to
subscribe to the vacancies. read more

E£SA Careers Brochure

STUDENT OPPORTUNITIES

'WORKING AT ESA

How to become an
astronaut

Student projects

&

dministration

Nevicomers Frequently asked
questions.
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Additional Resources &

- White Paper on using GNSS Raw Measurements on Android devices (GSA)

/

eSa

- P. Crosta et alia, Dual Frequency mass-market chips: test results and ways to optimize PVT performance, ION GNSS+ 2018
- F. Van Diggelen, M. Khider, GNSS Analysis Tools from Google, InsideGNSS March/April 2018

- F. Van Diggelen Keynote, Android GNSS Measurements Update, GNSS Raw Measurements- From research to commercial use-
May2018

- Miguel Torroja, Dual Frequency performance in mass market, GNSS Raw Measurements- From research to commercial use-May2018

- Javier de Salas, Miguel Torroja, Carrier phase positioning experiences in consumer GNSS devices, International Conference on
Localization and GNSS (ICL-GNSS) 2016

- Innovation: Examining precise positioning now and in the future, GPS World March 2018

- S. Riley et alia, Positioning with Android GNSS Observables, GPS World, Vol. 29, No. 1, January 2018

- S. Banville and F. Van Diggelen, Precision GNSS for Everyone: Precise Positioning Using Raw GPS Measurements from Android
Smartphones, GPS World, Vol. 27, No. 11, November 2016

- GPS on phones could get more pin-point accuracy, https://www.radionz.co.nz/news/national/365464/gps-on-phones-could-get-more-
pin-point-accuracy

- Innovation: Mobile-Phone GPS Antennas, GPS World, February 2010 http://gpsworld.com/professional-oemcomponent-
technologiesinnovation-mobile-phone-gps-antennas-9457/

- L. Wang et alia, Validation and Assessment of Multi-GNSS Real-Time Precise Point Positioning in Simulated Kinematic Mode Using IGS
Real-Time Service

- http://www.ppp-wizard.net/ssr.html
- NAVIPEDIA: https://gssc.esa.int/navipedia/index.php/GNSS:Tools
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https://www.gsa.europa.eu/system/files/reports/gnss_raw_measurement_web_0.pdf
https://www.radionz.co.nz/news/national/365464/gps-on-phones-could-get-more-pin-point-accuracy
http://gpsworld.com/professional-oemcomponent-technologiesinnovation-mobile-phone-gps-antennas-9457/
http://www.ppp-wizard.net/ssr.html
https://gssc.esa.int/navipedia/index.php/GNSS:Tools
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