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Smartphones and GNSS \\:esa

+ Galileo
BQ Aquaris X5 Plus

2016 First Dual

+ QZSS

Samsung Galaxy Note

First GPS

Phone
Benefon Esc!

Frequency
Xiaomi Mi8
: + GLONASS + Beidou
1999 MTS 945 Samsung Galaxy S5 Sources: gsmarena, samsung,
xiaomi, google, bq, wikipedia
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USEGAL|LEO EU

FIND A GALILEO-ENABLED DEVICE TO USE TODAY

Galileo is Europe's Global Satellite Navigation System (GNSS),
providing users with improved positioning and timing information.

Click on the icons to find Galileo-enabled devices.

@ & B8

ON THE ROAD ON THE WATER ON THE TRAIN

5 e

GOING MOBILE ON THE FARM ON THE MAP DURING AN

EMERGENCY
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GNSS HW evolution in the phone

Courtesy of Broadcom and

Google

RF and Baseband chip sets

2 micron,| Survey receiver

Nanometers

1990 1994 1998
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RF-CMOS

® process node, Chip name

Single chip GNSS T

S chips

@ 18 mic
®

2006

13 micron, Hammerhead

ron, GL20000

r‘,r"‘ﬂ& .'l

@ 20 nm, BCM4752

@28:nm, BCM4775
2010 2014 2018 2022

Huawei's 7nm Kirin 980 chip

Qualcomm's 7nm Snapdragon chip will
be ready for 5G phones

1t will weork nicely with the company's next-gen modems.
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High-Band Arm
1800 MHz

\\[\\‘\L

d:esa

Slngle frequency L1 PIFA

Diversity Cell

Transmit/ Receive
Antenna (Dual Band
IFA)

(900 MHz)

2018 Multi-frequency PIFA
From Xiaomi mi8 teardown
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O/S Evolution and GNSS observables

Symbian O/S App
2009-2013

g L@ AFTrack
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Android O/S - GPS Test by S.
2013-now

A EE

http://www.afischer-online.de/sos/AFTrack/index.html

https://qgithub.com/barbeau/gpstest

http://insidegnss.com/gnss-analysis-tools-from-gooqgle/
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GNSSLogger App
By Google 2016 - now

GnssLogger

SET- POSI AGNS
Tnes  MO6 qon.  MAP s PLOT
Switch is OFF Location

Switch is ON Measurements .
Switch is OFF Navigation Mess...

Switch is OFF GnssStatus

Switch is OFF Nmea

Switch is OFF Auto Scroll

Switch is OFF Residual Plot

HELP EXIT

HW Year: 2016
Platform: 7.0
Api Level: 24

v2.0.0.1
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http://www.afischer-online.de/sos/AFTrack/index.html
https://github.com/barbeau/gpstest
http://insidegnss.com/gnss-analysis-tools-from-google/
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GNSS Raw Measurements White Paper

 To support Android developers, the GSA

has just published a White Paper describing B
a step by step approach on how to use the

raw measurements.

« ESA was one of the key members of the
Task Force preparing the White Paper.
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¥

Milestone 1 held on 23 January: all
teams successfully passed to
phase 2

ormnés

ID | EVENT DATE
1 | Announcement of Competition 24 Sep. 2018
2 | Registration deadline for Information Day 8 Oct. 2018
3 | Information Day 16 Oct. 2018 o
4 | Proposal submission deadline 12 Nov. 2018 _ i - : J [
5 | Announecement of selected teams to proceed to development phase | 26 Nov. 2018 okt
6 | App Development Milestone 1(M1) 15 Jan. 2019
7 | App Development Milestone (M2) 28 Feb. 2019 W
8 | App Development Milestone (M3) 31Mar. 2019
Competition Final at ESA-ESTEC 18 Apr. 201
9 (with live web streaming and on-line voting) Br 9 o
Final award ceremony on 18 April W
. . o Tekirdad . Sakarya
2019 at ESA site in Netherlands o
H H H H i mir Af
with live web streaming and on-line DAY
- e Antaly
voting T
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Applications

1 2 proposals

received 12 November 2018

8 selected

to proceed to Step 2
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Final Competition

* Final event took place on 18/04/2019 at ESTEC
. feams selected for the Final:
P3 by O 0S
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Competition Apps Outline

& MAP

QUALITY

= GAYIP3

POSITION

Navgate

757+
l Mickys work area!

Galileo app campetitien 2018/2019

# of satellites: Used/ Tracked/ Visible
GPS GALILEO
9/13/13 2/6/8

PPP & iono

GeoReferenced
messages & AR

GADIP3 NavGate
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PVT Method |
Dynamic Extended Kalman Filter

Gamification & Raw
meas database

Step with GNSS

(e I ] |

An

Carrier
Smoothing

AGC & spoofing

detection

PointApp

Paolo Crosta | 11/10/2019 | Slide 10

> 4 - | European Space Agency



GalileoPVT: ESA reference Android app &T-esa

GalileoPVT Eesa GalileoPVT

GalileoPVT

i P FOC 3525 175" 20° - UPD- 2B1 T/T 15 89.7 Live
257713 N 257711 N 12 P FOC 3235 48° : UPD- 285 T/T 15 854 Live
801927 E -B0.ISIS E | 925 oV 237 2307 - UPD-270 T/T 15 BE2.4 Live
7 sats used 5 sats uged 2 v T
FOC 2217 288° - UPD- 242 T/T 1 BZ4Llive
10V 20,20M 106" 72" ~ UPD- 242 T/T 0 783 Live
Fac 1518 119° ~UPD- 272 T/T 1 81.7 Live

LAdo3|l|eD

Show Salileo only

SVIN 2T signal
O, orbit &04. launched 12 DS

a0 o [ : i
m

GalileoPVT

G- e Ry e » e AT

Good Android Ephemerides ™

e odnn U bt ™ Good Android RESTART  SIGNALS Ephamerides ™

loeation up to date

MAP [ Log MAP [ Loy
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GalileoPVT - Augmented Reality View *\&\“‘\;esa

N

1l 66% B 18:56

GalileoPVT

N QO &¢

GETITON
” Google Play

-
>
o
o
L
@©
(&)
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Retrieval of Satellite and Clock Orbits \\iﬂi cSa

SSL data
connection ' SET

SUPL START

Broadcast ephemerids
> |(near real-time)

SUPL RESPONSE

SUPL POS INIT

SUPL POS

SUPL END

Navigation message

; L-B
& 1k Broadcast ephemerids Iitiaaie bt
% (real-time)
Android
N GnssNavigation

Message
Callback

SLP — SUPL Location
Platform (server)

Broadcast real-time corrections
http://WWW.ppp- for precise orbits and clock
wizard.net/caster.html
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SUPL SSL server connection and Navigation Data
view of the Galileo PVT app

SUPL server

CANCEL

Good Android
location

MAP
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RESTART

SIGNALS

Ephemerides |
up to date

NV
AR

GalileoPVT

RESTART SIGNALS 2
up to date o

|:| Log
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Matlab Toolbox

« Common Log File for:
‘Raw measurements (GNSSLogger format)
*GPS and Galileo Ephemerids (from SUPL & live broadcast)
*lonospheric model parameters
*INS measurements (acceleration + gyro) log at 10 Hz
«Common time scale between INS and GNSS meas
« Post-processing tool for fast prototype of new GNSS algorithms
« Loosely Coupled EKF with GNSS + INS

« Converter from Raw measurements to RINEX (raw measurements
screening, pseudo-range ms ambiguity resolution, multi-frequency, half/quarter
cycle phase bias resolution)
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Offline real-time PPP processing

W 8

“ MSP3

GalileoPVT ESA RINEX PPP with

Converter ambiguity
resolution

log with
Android
GNSS Raw
Meas.

Precise position

ESA UNCLASSIFIED - For Official Use

— Il bz W = " Il D =011 T =

SP3, CLK,
SINEX
BIAS
Files

B R im

Broadcast
Navigation
Message

NTRIP
Corrections
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Static test setup

e

b
®
/p,
Q

It can accommodate smartphones or chip
evaluation kits + external antenna. Network
connectivity is provided through WiFi hotspot
or 4G
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Pedestrian test setup =

Reference antenna

xr

e

It can accommodate
smartphones or chip
evaluation kits +
external antenna.

Network connectivity is
provided through WiFi
hotspot or 4G.

Single scenario duration

limited to < 2e3 sec
Reference

receiver

> Reference trajectory generated through RTK
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——

Vehicular test setup

{cesa

- Reference trajectory
generated through RTK

- SPAN® GNSS Inertial
Navigation System

It can accommodate smartphones or chip

evaluation kits + external antenna. Network
connectivity is provided through WiFi hotspot
or 4G. Scenario duration limited to < 12e3 s
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Accuracy context during the pedestrian test... Q cSda

» Write the two words ESA and
Galileo on the football pitch

> Level 1: ESA with a font 6.|61 40.27

height of 15 m
» Level 2: GALILEO with a 14.98
font height of 7 m

33.5

96
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GNSS Analysis App @ g.co/gnsstools

an

Iy Developers Platform
Documentation

OVERVIEW GUIDES REFERENCE
App Basics

Introduction

+ Build your first app
App fundamentals

I Appresources

+ App manifest file
App permissions

Devices
Device compatibility
Wear
Android TV
Android Auto

» Android Things
Chrome OS devices

Core topics

ESA UNCLASSIFIED - For Official Use

- 11 b= ==

- == 1l o = &=

Android Studio Q, Search

Google Play Android Jetpack Docs MNews

SAMPLES DESIGN & QUALITY

Save the date! Android Dev Summit is coming to Sunnyvale, CA on Oct 23-24, 2019.

Android Developers » Docs » Guides

Raw GNSS Measurements

The Android Framework provides access to raw GNSS measurements on several Android devices.

* Note: Google has released version 2.6.3.0 of the GNSS Analysis App. For more information, see the GNSS Analysis app
v2.6.3.0 release notes.

This article lists Android devices that support raw GNSS measurements as well as tools to log and analyze GNSS data.
You can find the tools in the GPS Measurement Tools repo on GitHub, which includes the GNSS Logger APK and the
GNSS Analysis app for Linux, Windows, macOS, and the Installation and User Manual.

Z—
F

{zesa

//{/
[

SIGN IN

Caontents

Android devices that
support raw GNSS
measurements
Logging raw
measurements
Analyzing raw
measurements

GNSS Analysis
Control Panel

GNSS Analysis
interactive plots

GMSS Analysis
test report

GNSS Analysis app
v2.6.3.0 release
notes

Provide feedback
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GPS+Galileo, Raw PR and Carrier Smoothed PR

From GNSS Analysis App
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GPS+Galileo, L1/E1+L5/E5a and L1 only {tesa

From GNSS Analysis App
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GNSS is better with E5 \‘Qﬁesa

.
¢
Lm&&h

U
':.q.lu_lgmlﬂq &

i, ~

i 1%

LS

measurements

boost PVT
performances!

From GNSS Analysis App
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Results with MSP3 + GalileoPVT logs &\fesa
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MSP3 single vs dual frequency
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PPP with single and dual frequency measurements

Horizontal MSP3 MSP3
Error [m] GAL+GPS E1/L1 | GAL+GPS
E1/E5a+ L1/L5
Std. dev 1.82 m 0.89 m EEa/LE
50 % 3.0l m 1.80 m measurements
boost PPP

68 % 3.78 m 2.44 m

performance!
95 % 6.19 m 3.85 m

Availability 98.6%

ESA UNCLASSIFIED - For Official Use Paolo Crosta | 11/10/2019 | Slide 27

I+] European Space Agency

i
I
|
]
[
1]
[ ] |
B
NV
X
I

— 0l b c= 8 - W = "0 o = &



. ; ) ] (e,
Testing internal phone solutions - static \&\\tesa

Static Test - ESTEC Navlab roof

15th August 2018 11:10-11:30 (UTC)

ml

SUB-METER ACCURACY
ENABLED BY GALILEO

Xiaomi Mig

S-N[m]

0.78m (95%)

6 -4 2 0 2 4 6

Multi-GNSS solution

5 GPS DF + 8 Galileo DF in view during this test
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What's in the near future? {cesa

» New chips (Broadcom, Qualcomm, uBlox, Allystar,...) and smartphones with
dual frequency GNSS (Xiaomi, Samsung, Lenovo, Huawei)

» Convergence between professional and mass-market devices
» Better antennas?
» Support to new constellations: BDS-3, IRNSS supporting L5/E5a

» Android apps with PPP (Gadip3, Galileo PVT, ...)
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