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Executive Summary

FLAMINGO (Fulfilling enhanced Location Accuracy in the Mass-market through Initial GalileO
services) is a project part funded through the European GNSS Agency, and a collaborative
venture comprising key European GNSS organisations, NSL (as lead organization), Telespazio
France, University of Nottingham, Rokubun, Thales Alenia Space France, VVA, ECLEXYS and
Blue Dot Solutions.

The purpose of FLAMINGO has been to develop the infrastructure, solutions, and services to
enable the use of highly accurate and precise GNSS within the mass-market, particularly using
Smartphones and 10T devices. High accuracy Smartphone positioning is very much an emerging
technology and throughout the 31-month duration of the project, our consortium has had to keep
pace with, and adapt to, the technology changes. At the time of writing the proposal in late 2016
and early 2017, Google had initiated this technology through the release of a GNSS Raw
Measurements API within the Android Operating System and, with no Smartphones featuring the
capability, FLAMINGO planned to use a tablet with a customised (by Google) OS along with an
external device to provide raw GNSS into Smartphones. By the time of the project start
(November 2017), Smartphones from Huawei and Samsung had entered the market with the raw
measurements and Galileo capability, key enablers for our developments within FLAMINGO.
Shortly after, Xiaomi released the first Smartphone with dual frequency GNSS, here with Galileo
being the gamechanger as the L5/E5 second frequency is on all Galileo satellites Now at the end
of the project, there are pre-release Smartphones incorporating new GNSS chipsets with
enhanced performance and improved dual frequency capability.

These constant technology development trend has and is continuing to provide new opportunities
for FLAMINGO and its mass market roll-out. FLAMINGO has kept abreast with these technology
changes and accommodated support for the new devices within our solution. We have created
a positioning service with enhanced accuracy for Smartphones, lowering accuracy from circa 3 to
10 metres down to 0.5 to 1 metre which enhances user experience, creates new and improved
features in location based Apps and allows new Apps to be developed that introduce GNSS into
new markets.

Our adventure began with a market analysis, where more than 30 applications were screened
based on their maximum market potential and their required horizontal accuracy. Target
applications were identified as those requiring a horizontal accuracy between 20 and up to 100
cm and expected market size above 1 million users. The target FLAMINGO applications are
those falling i nofthédfalowingdiagrermm Figune -1 Mhe teandthen set about
the research and development to create an operation service to be used by these applications.
Key features were to use existing GNSS formats and protocols and to be readily usable by those
who have no prior knowledge of our technologies. We developed and built a hosting and interface
server, software to interface with the GNSS measurements in the devices, high accuracy GNSS
data products, server and device side positioning engines, and an Application Programming
Interface which is the gateway of FLAMINGO to the developers of mass market Apps. lIterative
development and testing ensured we met the requirements, albeit when certain conditions related
to the operational environment are met.
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Figure1-1: FLAMI NGOb6bs target applications

The FLAMINGO service, solution and potential has been demonstrated to mass market App
developers through a series of hackathons and demonstration events. These activities were
faced with the adversity of the COVID-19 pandemic with many of the workshops and activities
changing from face to face to online events. We successfully held a face to face hackathon and
demonstration event in Barcelona and several online localised events targeting users in Toulouse,
Gydnia-Gdansk and Nottingham.

The business case and business plan highlight the potential of a profitable business implementing
FLAMINGO within a relatively small geographical area of targeted cities. They also realise that a
business is not possible until the supporting platforms are more readily available, and this will
occur once raw measurements (and possibly dual frequency) GNSS capable Smartphones have
more market presence.

Our consortium are proud to have createdthewo r | d 6 s -nfefreraccuracyspositioning service
for Smartphones and to be the sole and award winning initiative to create first-generation products
which the early adopters to this emerging technology are beginning to investigate. When
Smartphones with the required GNSS capability become more prolific, the FLAMINGO
consortium will be in a good place to exploit the potential as we are known for having the first
mover advantage.

We wish to thank the European Global Navigation Satellite Systems Agency (GSA) for their
supportunder the Eur opean Beseachmand Innbvation programm2,Qr2ard
agreement No 776436.
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1 Il ntroduction

1.1 Purpose of Document

This document is the public version of the Final Report for the FLAMINGO project. This document
is delivered as part of Work Package 10: Project Management. The deliverable provides a
summary of the work completed within the project including a review of the main activities, the
schedule, milestones and the main project findings, outputs, conclusions, and way forward.

The structure of the document is as follows:

9 Section 17 Present section covering the scope of the document, reference documents
and acronyms.

9 Section 21 Project summary covering the FLAMINGO objectives, schedule, milestones
and an overview of the project partners.

1 Section 37 Describes and highlights the main technical project outputs and findings
9 Section 41 Presents a high-level description of the FLAMINGO dissemination activities

M Section 57 Conclusion

1.2 FLAMINGO Overview

FLAMINGO is a direct response to the emerging trend for higher accuracy positioning on mass
market devices.

The core, overarching objective of FLAMINGO was to develop and deliver a service infrastructure
and platform that would enable high-accuracy consumer applications. The final FLAMINGO
service delivers upon this and is the backbone towards all FLAMINGO-enabled high-accuracy
consumer applications. The project team has demonstrated the FLAMINGO innovation by
developing and showcasing FLAMINGO applications on both smartphone and IoT devices within
demonstration and dissemination events across Europe.

More details about FLAMINGO can be accessed on the project website here.

1.3 References

Ref. Document Title Date

RD1 |Grant Agreement 776436 25/10/2017
R D2 |Consortium Agreement 776436 25/10/2017
RD3 D1.1 FLAMINGO Application, Technology and Market Analysis 27/05/2020

Document v3.0

RD4 D2.1 FLAMINGO Technical Requirements v1.1 31/07/2018
RD5 D2.2 FLAMINGO Feasibility Study and Technology Trade-offs v1.1 31/07/2018
RD6 D3.1 FLAMINGO Design Justification File 1.2 12/12/2018
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[ e [ oownenme [ o |
RD7 D4.1 FLAMINGO Final subsystem Prototypes v1.1 16/05/2019
RD8 D5.1 FLAMINGO Validation Strategy and Test Plan v4.0 13/02/2020
RD8 D6.1 FLAMINGO Validation exercise v1.1 29/08/2019
RD10 D6.2 FLAMINGO Validation Reports v1.1 23/07/2020
RD11 D8.2 FLAMINGO Dissemination and Awareness Report v1.0 10/06/2020
RD12 D8.3 FLAMINGO Hackathon (and report) v2.1 29/04/2020
RD13 D10.14 FLAMINGO Data management Plan v2.0 29/05/2020
RD14 D10.11 FLAMINGO Internal Final report v1.2 20/07/2020

Table 1-1 - Reference Documents

1.4 Acronyms

API Application Programming Interface

AR Augmented Reality

BKG Federal Agency for Cartography and Geodesy
BOT Blue Dot Solutions

BQ BQ/Mundo Reader SL

Cco Confidential

CORS Continuously Operating Reference Station
EDAS EGNOS Data Access Service

EGNOS European Geostationary Navigation Overlay Service
EUREF European Reference Service

EXYS Eclexys

GA Grant Agreement

GAIT Gdansk Buses and Trams

GIS Geographic Information System

GNSS Global Navigation Satellite System

GPS Global Positioning System

ICD Interface Control Document

IGS International GNSS Service

10T Internet of Things

https://lwww.flamingognss.com Page 9 of 53


https://www.flamingognss.com/

FLAMINGO: D10.11_ PuBLIC FINAL REPORT

Ref: D10.12_Final Report PU Issue:1.2 Date: 20/08/2020
lponym [ weaws ]

JWT Json Web Token

NMEA National Marine Electronics Association

NTRIP Networked Transport of RTCM via Internet Protocol

NSL Nottingham Scientific Limited

POD Precise Orbit Determination

PPP Precise Point Positioning

PU Public

ROK Rokubun

RTCM Radio Technical Commission for Maritime Services

RTK Real-Time Kinematic

SBAS Space Based Augmentation System

SDK Software Development Kit

TAS Thales Alenia Space France

TPZ Telespazio France

UNOTT University of Nottingham

VM Virtual Machines

VVA VVA Brussels

WP Work Package

Table 1-2 - Acronyms and Abbreviations
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2 Project Summary

2.1 Approach

Within the FLAMINGO project, eleven work packages were completed. Figure 2-1 demonstrates
the various phases of the project work.

=
[¢b] —
= ( WP1 size ] [ N ( N ( )
4 m User, Application
7 L {_ and Market Analysis
< v
~ ( WP2 gaps
[ Requirements
2 L definition =
© <
S - 7 &
g ( costs %
=1 WP3 k= = -
w L System Design S = & &
\_ o 5] — o &
T & 0 o = g & a3
- p =5 = £ =S % g
— [77] 172 o c
S WP4 & 3 8 ]
< Prototype L(,), o © =
s . Development 8
= - =
< J !
~ ( WP5 qualification @
System and Service E—)
5 L testing
g - ¢
= a WP6 Showcase/feedback
= Prototype
L L Validation ) L ) )

Figure 2-1: Overview of Approach

2.2 Objectives

The overarching aim of the FLAMINGO project was to develop and deliver a service infrastructure
and platform that would enable high-accuracy consumer applications on mass market devices
such as smartphones and IOT devices. The FLAMINGO service developed by the end of the
project delivered upon this and supported building a FLAMINGO application development
community, stimulating new markets, and overcoming barriers to delivering high-accuracy
consumer applications.

Presented in Table 2-1 are the ten overarching objectives that governed the project which were
used to derive the programme of work. Within the table below also lies the status of the objective,
including more details of which work package the objective was met.

Further references to the achievements of the ten project objectives have been incorporated
throughout section 3 when describing the main project outputs and findings.

https://lwww.flamingognss.com Page 11 of 53
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Table 2-1: Summary of FLAMINGO Objectives

1- New requirements for

To analyse the current and trending mass
market applications of GNSS, determine which
will want and/or require high accuracy

An in-depth analysis of the market
requirements for high accuracy consumer
applications has been performed throughout

WP1 - User, Application and Market
Analysis

for consumer applications

users of mass market technology within their
typical operational environment.
A full end-to-end FLAMINGO service delivery

There is more needed on the testing and
operational side before it can realistically be

. positioning and determine a comprehensive Achieved the project as part of WP1. The key Results are captured within D1.1
high accuracy consumer . . L
applications set of user requwemer_lts. _ reqwremen_ts for_ poth IOT and $martphone Appllcgtlon, Technology and Market
Two sets of user requirements will be have been identified together with the market Analysis Document.
developed (covering smartphones and loT trends and legal barriers.
devices) to satisfy this objective.
To determine, and contribute towards, the FLAMINGO has created an operational
enablers to market entry including appropriate service that showcases the potential for high
standards (current and in planning) that should accuracy positioning which has been used by | WP7 - Business Case & Exploitation
be adhered to for system uptake in different Ainew mar ketso within ¢Plan
2- Stimulating new markets | market sectors. . business case has identified new markets that | Results are captured in deliverables
. ; . Achieved . ) e . i
for high accuracy consumer | A business case and a business plan for will benefit from the enhanced positioning. D7.1-6 Business Case & Business
applications commercial exploitation shall be delivered to Plan.
meet this objective. The business plan and
business case will be reviewed every six (6)
months to ensure they remain realistic and
achievable.
The barriers to market uptake in terms of | wp1 - User, Application and Market
To determine the barriers to market uptake in technological, operational and legal aspects | Analysis
terms of technological, operational and legal have been identified throughout the project. | wp7 - Business Case & Exploitation
) ) aspects, and to reduce the affect that any However, FLAMINGO is first mover within the | pjan
3 Qvercomlng the barriers barrier will have on FLAMINGO. Partially mass market high accuracy positioning and as | Results are captured in following
to high accuracy consumer | . L oo il be met b lvsing th Achieved | @result these barriers needs to be continuously | geliverables:
g jective will be met by analysing the chieve
applications market entry barriers every six (6) months to re-assessed moving forward in order to secure | ¢ p1.1 Application, Technology and
ensure the business plan remains realistic and the commercialisation of the service. A further Market Analysis Document.
achievable. barier  is  the  proliferation of | ¢ p7.1.6 Business Case &
appropriate/compatible Smartphone devices. Business Plan.
FLAMINGO cannot influence this.
To design and develop a commercially viable Although a fully operational commercial WP?2 - Requirements Definition
positioning and navigation service with service has not been set up upon the project WP3 - System Design
4- Service delivery accompanying software that delivers high Partially closure, the framework has been built to WP4 - Prototype Development
infrastructure and platform accuracy, reliable positioning and navigation to Achieved enable this moving forward. WP5 - System & Service Testing

WP6 - Prototype Validation
Results are captured in following
deliverables:

https://www.flamingognss.com
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infrastructure and platform shall be realised to
achieve this objective the platform shall remain
operational for six (6) months to support trials,
demonstrations, workshops and events.
Positional accuracies of better than 50cm shall
be achieved.

commercial for mass market. The staggered
approach within the business plan is a method
of raising the TRL by first delivering to a select
semi-professional and/or early adopter
audience.

1 D2.1 FLAMINGO Technical
Requirements

1 D2.2 Feasibility Study and
Technology Trade-offs

1 D3.1 Design Justification File

1 DA4.1 Final Subsystem Prototypes

1 D5.1 Validation Strategy & Test
Plan

1 D6.1 Validation exercise

1 D6.2 Validation reports

FLAMINGO has delivered six applications for
key  market areas for  stakeholder
demonstrations. They also showcase Galileo
and the constellation benefits to users:

1  Surveying i NSL Surveying App

1 Augmented Reality i NSL Augmented

WP?2 - Requirements Definition
WP3 - System Design

WP4 - Prototype Development
WP5 - System & Service Testing
WP6 - Prototype Validation
Results are captured in following

To d_esign and devel_op market reao!y . R_ea“ty App _ o _ deliverables:
. gppllcatlon§ for moplle and IoT dgwces which . 1 Vlsu_ally_ Impaired Navigation i NSL Aided f D2.1 FLAMINGO Technical
5-Market ready high integrate directly with Smart City infrastructure. Partially Navigation .
. . o ; . : w . Requirements
accuracy consumer To satisfy this objective the project shall deliver | Achieved f  Gamesi ROK Route Following App -
icati i Education i TPZ Education A T D2.2 Feasibility Study and
applications twenty (20) FLAMINGO enabled units 1 tion : pp Technology Trade-offs
(including Smartphone and loT devices) for . Tracking i BOT Third-Party Server App ; o
i ) L L . L 1 D3.1 Design Justification File
demonstrations and investor pitching. The applications are demonstration application 1 DA4.1 Final Subsystem Prototypes
and are not available for market exploitation sat ' o y yp
the end of the project. 1 D5.1 Validation Strategy & Test
Plan
 D6.1 Validation exercise
1 D6.2 Validation reports
Seven FLAMINGO dedicated events and
demonstrations activities have been delivered
within the project. The original plans for
. N . hysical h i ith _—
To perform live validation trials and P ysma events ave. peep substituted wit WP6 - Prototype Validation
. . online events as a mitigation for the COVID-19 . o
demonstrations that showcase the capability of restrictions. The technical delavs experience WPS8 - Dissemination and Awareness
6- Smart city the service and its potential for applications. It . o yS exp Results are captured in following
demonstrations of high is important that these are carried out in Partially for the finalisation of the system has deliverables:
9 P Achieved contributed to pushing the activities within the i

accuracy consumer
applications

indicative Smart City operational environments
and that the non-GNSS community is targeted.
Three (3) demonstrations are proposed to
meet this specific objective.

last quarter or the project, which unfortunately
coincided with the outburst of the pandemic.
Despite these challenges, the consortium has
managed to demonstrate the FLAMINGO
initial service and its potential to early
adopters and potential future stakeholders
within the city environments.

1 D6.1 Validation exercise

1 D6.2 Validation reports

1 D8.3 FLAMINGO Hackathon (and
report)

https://www.flamingognss.com
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7- Building a FLAMINGO

To engage with the
development communities providing
opportunities and support for third parties to
develop software based on the beta/validation
version of FLAMINGO. This will include the

us

€

Throughout the project, the Consortium has
built relations with the app developer
community in preparation of the FLAMINGO
dedicated hackathon. The FLAMINGO SDK
has been made available to a selected

WP6 - Prototype Validation
WP8 - Dissemination and Awareness
Results are captured in following

S . Achieved - deliverables:
application development hosting of workshops/Hackathon. chieve number of developers within events and — .
. . ) h 1 D6.1 Validation exercise
community Four (4) regional introductory hackathon, enabling app developers to .
. . . 1 D6.2 Validation reports
workshop/Hackathon/meet-up events leading improve their accuracy and therefore D8.3 FLAMINGO Hackath q
to the main two-day FLAMINGO Hackathon demonstrate the benefits of FLAMINGO within ' ackathon (an
. . . . report)
are proposed as a means to comply with this the wider app developer community.
objective.
The FLAMINGO business elements have been
To refine and strengthen the preliminary investigated throughout the project. Upon the
business case for the FLAMINGO service and project closure, the business case and
products. A prellmlnary busme;s plgn for _ bu3|.ness plal’-l hlgh_llght the .potentlal of a WP1 - User, Application and Market
FLAMINGO already exists which will be refined profitable business implementing FLAMINGO Analysis
to take into account the benefits accruing within a relatively small geographical area of . o
. . o . WP?7 - Business Case & Exploitation
through access to international standards and targeted cities. They also realise that a Plan
8- Build 2 new FLAMINGO Fest specifications. Thg business C?SG will . Par.tlally business is not possible until t.he supporting Resuilts are captured in following
business include market analysis, value-chain analysis, Achieved platforms (on the end users side) are more deliverables:
competitor analysis, costing, revenue, readily available, and this will occur once raw o
o . . 1 D1.1 Application, Technology and
commercialisation options, market entry measurements (and possibly dual frequency) .
’ . Market Analysis Document.
strategies plus a legal and regulatory analysis. GNSS capable Smartphones have more )
. . . . . .  D7.1-6 Business Case &
The business plan and business case will be market presence. The consortium will continue .
. . . o Business Plan.
reviewed every six (6) months to ensure they to assess viable commercialisation
remain realistic and achievable. opportunities while also keeping up with the
technology upgrades that is a core prerequisite
for the FLAMINGO market up-take.
_ WP - 10 Project M t
Galileo is the key enabler for FLAMINGO due roject anagemen
To promote the benefits and values of E- to the av_allablllty of du_al freq_uency sngnals on | WP6 - Prototype Validation
) . . all satellites. The project dissemination and WPS - Di inati dA
GNS.S prograr.nmes (espemally Galileo IanlaI demonstration activities have provided the - Dissemination and Awareness
Services) within the context of improved high opportunity to showcase and market Galileo | Results are captured in following
accuracy positioning for mass-market in and its contribution to improving positioning | deliverables:
environments that are considered to be harsh accuracy on mass market devices. ) _
9 -Showcase the benefits of | in terms of GNSS signal reception. Achieved T D10.11 Final Project Report

Galileo

This objective will be met by quantifying the
value of GPS/GLONASS versus
GPS/GLONASS/Galileo to deliver the
FLAMINGO service as part of the testing
phase. We will also promote it via FLAMINGO
Hackathon and four introductory events.

(Internal)

1 D10.12 Final Project Report
(Public)

1 D6.1 Validation exercise
1 D6.2 Validation reports

1 D8.3 FLAMINGO Hackathon (and
report)

https://www.flamingognss.com
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10- Generate commercial
products, services and
applications

The overarching key objective of the project is
to develop and deliver a series of market-ready
Galileo enabled consumer applications.

This objective is guaranteed and will be
accomplished by the development of two (2)
commercial ready Galileo and FLAMINGO-
enabled devices (COTS Smartphone with
FLAMINGO interface software and IoT device
with FLAMINGO interface software)- together
with three (3) Galileo enabled mass-market
applications covering mobility, logistics and the
APP developer community, further promoted
by the Hackathon. Clearly all of the above
depend on the availability of the underpinning
FLAMINGO infrastructure and service platform
which is the final product that shall ensure the
project delivers on this objective.

Partially
Achieved

Throughout the project, the consortium has
developed the FLAMINGO service, 2 Galileo
and FLAMINGO-enabled devices (COTS
Smartphone with FLAMINGO interface
software and loT device with FLAMINGO
interface software) 6 demonstrator mass
market applications for both smartphone and
loT devices and consolidated a community of
potential FLAMINGO stakeholders (including
app developers and various sector
stakeholders with business interest in the
added value provided by high positioning
solutions.

Listed as partially achieved as the products,
service and applications are not all fully
commercial, although FLAMINGO has been
integrated into existing commercial
applications.

WP - 10 Project Management

WP6 - Prototype Validation

WP8 - Dissemination and Awareness

Results are captured in following

deliverables:

1 D10.11 Final Project Report
(Internal)

1 D10.12 Final Project Report
(Public)

1 D6.1 Validation exercise

1 D6.2 Validation reports

1 D8.3 FLAMINGO Hackathon (and

report)

https://www.flamingognss.com
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2.3 Milestones

Table 2-2 identifies the main milestones which were completed within the FLAMINGO project. The project
commenced on 1 of November 2017 and completed on the 29" of May 2020. The final review is scheduled
to take place via teleconference in the second part of June 2020, the exact date is still tbc.

Table 2-2: FLAMINGO Milestones

M1 Kick-off 1,7,8,9& 10 |Achieved 24/11/2017
M2 Progress Review #3 1,2,7&10 Achieved 22/03/2018
M3 System Requirements Review 2&10 Achieved 17/07/2018
M4 Preliminary Design Review 3&10 Achieved 11/10/2018
M5 MTR & Critical Design Review 4&10 Achieved 07/02/2019
M6 Progress Review #15 6,7,8&10 Achieved 07/02/2019
M7 Test Readiness Review 58&10 Achieved 14/02/2020
M8 Final Review All June 2020 date TBC
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2.4 Schedule
Figure 2-2 below provides a high-level overview of the schedule for the FLAMINGO project.
| 2017 Half 1, 2018 Half 2, 2018 Half 1, 2019 Half 2, 2019 Half 1, 2020 Half 2, 21
WE! ~ Task Name » Duration ~+ Start v  Finish > | S N J M M J 5 N J M M J 5 N J M M J
1 » User, Application and Market Analysis (WP1) 596days  Mon 27/11/17  Thu05/03/20 | 1 '
2 > Requirements definition (WP2) 87 days Thu 01/03/18  Fri 29/06/18 [I_I
3 » System Design (WP3) 86 days Fri 01/06/18 Fri 28/09/18
4 > Prototype Development (WP4) 130days  Mon01/10/18  Fri 29/03/19 |_[¥—I
5 » System and Service testing (WP5) 295days  Tue01/01/19  Fri14/02/20 () 1
6 > Prototype Validation (WP6) 86 days Mon 03/02/20  Fri 29/05/20 1
7 > Business Case and Exploitation Plan (WP7) 675 days Wed 01/11/17  Fri 29/05/20 H 1
8 » Dissemination and Awareness (WP8) 675 days Wed 01/11/17  Fri 29/05/20 M 1
9 » External Coordination (WP9) 675 days Wed 01/11/17  Fri 29/05/20 H 1
10 > Project Management (WP10) 675days  Wed 01/11/17  Fri 29/05/20 f 1
1 » Ethics Requirements (WP11) 675days  Wed 01/11/17  Fri 29/05/20 H 1
M1 Kick Off Meeting (KO) 1day Fri 24/11/17 Fri 24/11/17 Ce224m
M2 Progress Review 3 1day Thu22/03/18  Thu 22/03/18 & 22/03
M3 System Requirements Review (55R) 1day Tue17/07/18  Tue 17/07/18 + 17/07
M4 Preliminary Design Review (PDR) 1day Thu11/10/18  Thu11/10/18 + 11710
M5 Critical Design Review (CDR) 1day Thu07/02/19  Thu 07/02/19 + 07/02
M6 Progress Review 15 (Mid-Term) 1day Thu07/02/19  Thu07/02/19 + 07/02
M7A  Test Readiness Review (TRR) Meeting 1day Tue03/09/19  Tue 03/09/19 + 03/09
M7B  Test Readiness Review (TRR) Close-Out 1day Fri14/02/20  Fri14/02/20 o402 |
M3 Final Review 1day Tue 30/06/20  Tue 30/06/20 © 30/06

Figure 2-2: FLAMINGO Project Schedule
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2.5 Deliverables

Within the FLAMINGO project, Table 2-3 lists the deliverables which were produced as
outputs of the various work packages. Deliverables were produced for management,
technical, business and exploitation activities. Many of these deliverables are internal to the
project, but those that are O6puUhblsitcedd, aasn dd Parde

Table 2-3: FLAMINGO Deliverables

WP D Title Dissemination
Level
Technical
WP2 | D2.1 FLAMINGO Technical Requirements Cco
WP2 | D2.2 Feasibility Study and Technology Trade-offs Cco
WP3 | D3.1 Design Justification File CO
WP4 [ D4.1 Final subsystem Prototypes Cco
WP5 [ D5.1 Validation Strategy and Test Plan (6{0)
Business, Market Analysis and Demonstrations
WP1 ([ D1.1 Application, Technology and Market Analysis Document (6{0)
WP6 | D6.1 Validation exercise CcoO
WP6 | D6.2 Validation reports (6{0)
WP7 | D7.1 Business Case Draft Cco
WP7 | D7.2 Business Plan Draft Cco
WP7 | D7.3 Business Case v1 CcoO
WP7 | D7.4 Business Case v2 CcoO
WP7 | D7.5 Business Plan v1 Cco
WP7 | D7.6 Business Plan v2 Cco
WP8 | D8.3 FLAMINGO Hackathon (and report) PU
Project Management
WP8 | D8.1 Dissemination and Awareness Plan CO
WP8 | D8.2 Dissemination and Awareness Report (6{0)
WP9 [ D9.1 External Coordination Report (6{0)
WP10 | D10.1 | Progress Reports #1 CO
WP10 | D10.2 | Project Plan (Management, Administrative, Financial) CO
WP10 | D10.3 | Progress Report #2 Cco
WP10 | D10.4 | Progress Report #3 (6{0)
WP10 | D10.5 | Progress Report #4 (6{0)
WP10 | D10.6 | Progress Report #5 CO
WP10 | D10.7 | Progress Report #6 CO
WP10 | D10.8 | Progress Report #7 Cco
WP10 | D10.9 | Progress Report #8 (6{0)
WP10 | D10.10 | Progress Report #9 (6{0)
WP10 | D10.11 | Final Project Report (Internal) CO

https://lwww.flamingognss.com Page 18 of 53

a\


https://www.flamingognss.com/

FLAMINGO: D10.11_INTERNAL FINAL REPORT

Ref: D10.11_Final Report-PU Issue:1.0 Date: 12/06/2020
WP D Title Dissemination
Level
WP10 | D10.12 | Final Project Report (Public) PU
WP10 | D10.13 | Data Management Plan PU
WP10 | D10.14 | Data Management Plan v2 PU
WP11 | D11.1 | POPD - Requirement No. 1 Cco

2.6 FLAMINGO Project Partners

Nottingham Scientific Limited (NSL) i Lead

NSL, as the coordinator of the consortium, has managed the FLAMINGO project to success
and enabled the development of the FLAMINGO Service.

NSL led the development of the FLAMINGO positioning engine, GNSS data product access,
management of server-based positioning threads, the FLAMINGO API and front-end
provision to users. NSL has also led and supported the integration of all other sub-system
modules to deliver the service.

NSL has developed three apps, each showcasing key enabled applications by provision of
higher accuracy positioning through FLAMINGO. These apps consist of enhanced
navigation for people with a disability, augmented reality, and surveying.

Telespazio France (TPZ) i Partner

TPZ led the development of the FLAMINGO server. This included authentication of user
access, server maintenance and monitoring, support for server modules from other partners
and also establishing connections to the client. TPZ also developed interfaces to client
subsystems for communication to the server. TPZ also developed an education app to
showcase FLAMINGO high-accuracy positioning.

Thales Alenia Space France (TAS) 1 Partner

TAS led the development of the GNSS Processing server, which deliver real-time orbit and
clock corrections to facilitate for PPP. They developer interfaces so it may integrate
successfully into FLAMINGO.

Rokubun (ROK) i Partner

ROK led the development of the mobile subsystem and the Android raw GNSS interface, an
d contributed to the overall development of the positioning engine. ROK also developed a
demonstration app, which directs users to follow routes using FLAMINGO services in a fun,
game-like way.

Blue Dot Solutions (BOT) 1 Partner

BOT led the development of one of the FLAMINGO IOT platforms. They also supported
develop of the FLAMINGO IOT SDK. BOT created a web-based application which receives
real-time position data from FLAMINGO and provides an interactive environment for
transport providers to visualise and manage key transport infrastructure.
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Eclexys (EXYS) 1 Partner

EXYS led the development of one of the FLAMINGO IOT platforms. They also supported
the development of the FLAMINGO IOT SDK.

University of Nottingham (UNOTT) i Partner

UNOTT led the organisation of the FLAMINGO Hackathon and supported the testing and
validation activities of the initial FLAMINGO service.

VVA Brussels (VVA) - Partner

VVA led the market analysis and development of the business-related deliverables for
FLAMINGO. They have also supported with dissemination of the FLAMINGO innovation and
results.

BO/Mundo Reader SL (BQ) - Partner

BQ has supported the market analysis, business development and dissemination activities
in the first half of the project. BQ has left the FLAMINGO consortium in the second half of
the project due to technical reasons.
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3 Mai n Pr oj eatn &0 untdp untgss

The FLAMINGO project has developed a service delivery to support high-accuracy
positioning in mass-market devices, in line with Objective 4 of the GA. This service has been
extensively evaluated with performances and limitations identified, specified, and
highlighted.

As a result of this development, FLAMINGO has also created a number of stand-alone
products and consumer applications (detailed in sections 3.3 and 3.4 below). To realise the
service to commercialisation, future work is introduced that will be completed after the
project end. This will enable FLAMINGO to be successfully introduced to the market.

3.1 The FLAMINGO Service

In FLAMINGO, a core, overarching aim was to deliver a service infrastructure and platform
that would enable high-accuracy consumer applications. The FLAMINGO service delivers
upon this and is the backbone towards all FLAMINGO-enabled high-accuracy consumer
applications. The service also offers an APl to help build a FLAMINGO application
development community, stimulating new markets and overcoming barriers to delivering
high-accuracy consumer applications.

FLAMINGO breaks down mass-market devices into two categories, where services have
slightly differed to simplify the front-end for the user. The first target device is the Android
smartphone. In 2016, Google provided access to raw GNSS measurements through their
Android Operating System. FLAMINGO utilises these measurements on the client
architecture, requiring the user to only initiate data collection. The user position is then
reported back through a callback. As Android applications are developed in Java, the
FLAMINGO front-end is also provided in this language for this target device.

The IOT device is a broader category, and a general function for managing GNSS

measur ement s i s not possible. The | OT devel op:
measurements to a simple interface structure in C, where these are then mapped to RTCM

data structures and reported to FLAMINGO. FLAMINGO calculates the position on a server,

reducing battery draw compared to processing a position on the device. Downlink
communications are also reduced to conserve power, by reporting the position information

to an easily accessible web API.

To support FLAMINGO, the defined sub-system functions and methods of the service are
complex and intricate. These are described in detail within D3. However, the services offered
may be summarised by a smaller set of key subsystems or products. This breakdown is
given by:

1. FLAMINGO SDK i Front-end of the FLAMINGO service. Customised for Android
and 10T developers to support a seamless interface and integration into new and
existing applications.

2. FLAMINGO Positioning i Backbone to the delivery of high-accuracy positioning.
Utilises raw GNSS measurements from the device and positioning products from the
FLAMINGO server to deliver RTK and PPP services to users. Can be utilised both
on the server and the client.

3. FLAMINGO Server 1 Core infrastructure to support all FLAMINGO server products,
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as well as handle and manage user access.

FLAMINGO Precise Products i Generates precise satellite ephemeris, clocks, and
code biases, reported in real-time using SSR format.

FLAMINGO Stations i A set of public, commercial, and dedicated FLAMINGO
reference station infrastructure to support multi-frequency, multi-constellation RTK
positioning.

FLAMINGO IOT i Specially designed and enabled FLAMINGO IOT devices, which
can be simply installed on key infrastructure for real-time location monitoring.

FLAMINGO Mobile 1 Utilises unique techniques to harness raw measurements of
an Android smartphone, transforming to an accurate GNSS observable.

These products are illustrated in Figure 3-1, with simplified interface descriptions included.
The RTCM and NMEA data formats are key enablers to real-time positioning, providing a
compressed format structure to support high-speed communications between all
subsystems. Each product may be considered also as a stand-alone solution, and these are
described in a later sub-section.

9 Enabled by GPS, Galileo, GLONASS, Beidou, QZSS, etc. Q
Android FLAMINGO Client ! Server FLAMINGO FLAMINGO
GNSS Chipset Mobile Precise Products Stations

{ \
&) W
- RTCM MSM
(ceet]

LT
E T
[T

|

RTCM MSM
RTCM SSR

'
[ ==
y I
+— NMEA —» . RTCM  —» - RTCM MSM
00 —_—
—

i
I
I
1
1
1
1
I
1
The Mass- 1
Market 1 b
NMEA 1 < NMEA —>
!
1
1
1
1
1

FLAMINGO

FLAMINGO FLAMINGO Server

SDK Positioning

(RTK, PPP) RTCM

FLAMINGO
10T FLAMINGO Third-Party
Positioning Web Server

(RTK, PPP)

Figure 3-1: FLAMINGO high-level product summary.

The FLAMINGO service has been tested and demonstrated successfully within the project.
The verification and validation phase of the project endorsed the solution to achieve key
performance milestones. These performances are crucial to satisfy requirements for a
marketable product, including:

1.

2
3.
4

Achieving a horizontal accuracy of 50 cm or better.
Being accessible to 1000s of users at any one time.
A time-to-first-fix below 10 s.

Available in the urban canyon.

The performance of FLAMINGO to these milestones will be further described and analysed
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in a later sub-section.

The overall service delivery is further presented in Figure 3-2. The use of deployed GNSS
infrastructure and a cloud correction service enable accurate positioning in smartphone and

IOT devices. This illustration highlights to the GNSS knowledgeable person the enablers of
the service, presenting the services at higher level to Figure 3-1.

'—l‘ ailE FLAMINGO
— Cloud Correction Service
Ty i r _
T Sl - S
Bl sl
L C==>
T 3
= 5 =
= "
<> e =1z
=1 =
@ 5 R
N a =
Vs =
2 =4
. [} &
Continually Operating Reference Stations

--------

]
FLAMINGO
Positioning
Engine

FLAMINGO Reference Station

loT and Smartphone Devices
Figure 3-2: FLAMINGO illustration for the GNSS user.

Core position data is provided in the form of NMEA data messages. Three core messages
are provided as an output to FLAMINGO:

1. NMEA GNS i Provides location coordinates, altitude above sea level, HDOP,
number of satellites, positioning method and age of differential.

2. NMEA GST 1 Provides information on the position accuracy, including the RMS of
pseudorange residuals and the error ellipse.

3. NMEA VTG i Provide kinematic information of the user, including velocity and
direction of travel.

Overall, FLAMINGO has designed and developed a commercially viable positioning and
navigation service which delivers, within the right conditions, high accuracy, reliable
positioning, and navigation to users of mass market technology, in line with Objective 4 and

10 of the GA. Further technical specifications of the FLAMINGO service and products are
captured in the following project deliverables:

1 D2.1 FLAMINGO Technical Requirements (CO)

D2.2 Feasibility Study and Technology Trade-offs (CO)
D3.1 Design Justification File (CO)

D4.1 Final Subsystem Prototypes (CO)
D5.1 Validation Strategy & Test Plan (CO)

=a =4 —a A
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3.2 FLAMINGO Developer SDK

The FLAMINGO API is the front-end to the FLAMINGO service, offering an SDK with tools
to help integrate FLAMINGO into new and existing applications. The API is catered for the
developer rather than the user. The FLAMINGO service enables high-accuracy positioning
in mass-market devices, designed to be used by application developers across many market
sectors.

The API consist of a set of core classes, methods and variables which allow the developer
to integrate FLAMINGO into their software. The API is designed with simplicity in mind so it
is readily understood and used by the developer, otherwise they may be dissuaded to
integrate it within their application.

Descriptions of the API is supplied to users as part of the SDK. An implementation guide
has been developed as part of the project, as well as sample applications that utilise the
same methods and functions as the service. A website has also been created to illustrate
the API to users, providing detailed descriptions of all API elements: http://flamingosdk.com.
A snapshot of the website is presented in Figure 3-3.

@iFLAMINGO

SDK ANDROID loT

An Introduction to FLAMINGO & the FLAMINGO Software
Development Kit for Android and loT Devices

On a typical smartphone device, the location accuracies that can be achieved are rarely better than a few meters. Imagine the
applications that could be enabled with decimetre accuracy. Pedestrian path navigation for the visually impaired, laneway
positioning for car mobility, immersive augmented reality experiences using accurate geolocation data. FLAMINGO will enable
these apps in Android smartphones and loT devices.

FLAMINGO is a new AP library for Android and loT developers. The API is designed for the conventional developer and leaves the
accurate location servicing to the positioning experts. FLAMINGO will use specially supporting server and deployed infrastructure
in smart cities to enable better location precision and accuracy than the existing Android location service.

Figure 3-3: FLAMINGO SDK information website, found at http://flamingosdk.com.

To receive access to FLAMINGO, four forms of authentication credential are required:

1. Client IDT A unigue identification code for a company/developer wishing to access
FLAMINGO services. The Client ID can be used under multiple applications. The
Client ID is provided when register for FLAMINGO.

2. Password i A unique Password chosen by a company/developer when registering
for FLAMINGO.

3. Application ID i Each application using FLAMINGO services must be registered
also under FLAMINGO. For each application, a unique Application ID is provided to
the company/developer. The Application ID is included alongside the Client ID.

4. Installation ID T Each device using FLAMINGO under one application is also given
a unique Installation ID. The Installation ID is included alongside the Application ID
and Client ID. An individual device will receive the service stream from FLAMINGO.
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The authentication stages are part of a tree-like credential pathway, illustrated in Figure 3-4.
This allows all device streams to be managed and linked to applications and clients. A billing
system based on the number of users with an installation ID may be assigned under this

hierarchical specification.
Application ID 2 e nstaliation D3|

Application ID ...

| InstallationiDl ]

Installation ID 2

| InstalatoniD3 |

Application ID 1

I stallation ID ...

H'J
Application ID 2
I istallation 1D 3
I stallation ID ...
installation ID -

Appllcatlon ID

Figure 3-4: Tree-like structure of various authentication levels.

As described in the previous sub-section, FLAMINGO targets two categories of mass-
market devices. Due to core differences in these two types of device, there are two
separated SDKs that have been developed to support integration.

3.2.1 Mobile SDK

The Mobile SDK is to be used by the Android app developer to assist the developer in the
integration of FLAMINGO through an API into their new or existing application. The core
feature of FLAMINGO for the Android developer is that the location accuracy is improved to
that already supplied by Android location. This needs to be clear and also comparable.

To permit for a seamless switch, the FLAMINGO API classes, methods, and variables are
designed to closely resemble that of the Android Location API. This close design is
implemented for several reasons:

1 Typically, a developer already has intimate knowledge of the Android Location API,
and so the learning curve is almost non-existent to switch to the FLAMINGO API.

1 If an application has already been developed using Android Location, the APl may
be simply switched in the application source code for FLAMINGO.

The comparison between FLAMINGO and Android Location APIs is illustrated in Figure 3-5,
where the coordinate function calls are compared between each. These and other similar
functions can be simply substituted by the developer when using FLAMINGO.
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FLAMINGO Android.location

getLatitude getLatitude

public double getlLatitude ()
public double getLatitude()

Get the latitude, in degrees.

Returns latitude.

getLongitude getLongitude

blic doubl: tLi tud
public double getLongitude() s ey

Get the longitude, in degrees.

Returns longitude

Figure 3-5: Comparison between location calls of the FLAMINGO and Android
Location APIs.

The real location output is provided as NMEA data and may also be retrieved by the user.
The NMEA data format is parsed and certain data, such as the longitude and latitude, may
be retrieved by the user, as was shown in Figure 3-5.

The developer also has access to simple functions that switch the service on and off, with
correct credential authentication. The user can also retrieve information on the type of
position session (either RTK or PPP), if a reference station is in range or if there are issues
with the server.

The developer only needs to include the allocated Client ID and Application ID when coding
their application. As they would typically provide their application on the Google Play Store,
they would not have access to each device to support an Installation ID. In the interest of
also protecting user privacy, the Installation ID is randomly generated for each user inside
the application. No one holds knowledge of the Installation ID, so this cannot be associated
to a particular user device.

3.2.2 10T SDK

The 10T SDK is to be used by the 10T developer to integrate FLAMINGO into their new or
existing devices. The IOT API defines the interface that is employed between the developer
and FLAMINGO. As the 10T devices and GNSS receivers employed differ highly between
manufacturers, the API is more sophisticated and configurable than that contained in the
Mobile SDK.

One particular element that differs is the type of GNSS receiver. To be as versatile and
adaptable as possible, the developer inputs the raw measurements from their GNSS
receiver to a simple GNSS observation structure. The observation structure used is
presented in Figure 3-6. An illustrative example has been made within the project on how to
map u-Blox raw GNSS measurements into the FLAMINGO IOT API.
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typedef struct {
char svid:
char fecn;
char ncodes;
ccnstellaticn_t constellation;
code_t code[7]:
doubkle pseudorange[7]:
double carrier[7]:
double doppler[7]:
double =nr[7]:
int lockIndicator[7]:
boolean t hcycleamb[7];
1 cbservaticnd_t;

Figure 3-6: FLAMINGO IOT SDK observation structure.

The SDK also includes information and an example of how to access the FLAMINGO Web
API. All position information of the 10T device is reported to the FLAMINGO Web API, to
conserve power and also simplify the monitoring of IOT devices. Common use cases for
high-accuracy navigation IOT is tracking. The Web API supports supplying position
information on multiple devices.

All credentials must be supplied to the API to connect to the service. As the Installation ID
is uniquely tagged to each device, these are managed by the developer. The credentials are
then used in the Web API to receive the position information unique to the desired device.

The developer may also receive information on the server status, in case FLAMINGO is
unavailable and an alternative service must be utilised. Some GNSS receivers, support a
more primitive location estimation service, and this may work in concert with FLAMINGO as
a redundancy.
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3.3 FLAMINGO Products
3.3.1 The FLAMINGO Service

The FLAMINGO service, as described in the previous sections of this chapter, is the
overarching product that has been developed. FLAMINGO is a positioning service that
allows uses with either Smartphones or 10T devices to obtain their position to an accuracy
of 50cm-1m in a seamless manner with a simple interface to be subsequently integrated into
their Apps and Location Based Services.

FLAMINGO is an innovation rather than an invention in that it re-uses processes and
protocols that are in common use within the GNSS industry, having adapted them for the
use within mass market devices. The user interface is a Google geolocation style API and,
behind the scenes, FLAMINGO sues the RTCM format and NTRIP protocol to deliver
various GNSS data and services and uses PPP and RTK approaches within the positioning
engine.

In FLAMINGO, we refrain from describing our position engine PPP or RTK approach a PPP-
RTK as if differs from the approaches taken by other commercial vendors of high accuracy
positioning services. Within FLAMINGO, there are two positioning engines: RTK and PPP.
Each process is considered separately. The decision of whether to use PPP or RTK
depends on the distance to an actual base/reference station that is providing data to the
FLAMINGO caster. Ifitis close-by, the positioning engine is RTK else it is PPP. It is the
same positioning engine, simply the algorithms used for precise estimation differ. PPP and
RTK can therefore be considered non-binary, in that they can be interchanged and
processes part-shared dependent on conditions. For instance, FLAMINGO can use the data
services developed for the PPP within the RTK process, for instance the improved orbit
calculations. However, FLAMINGO does currently share all possible PPP data services and
relies on a physical base station for the RTK process.

3.3.2 This is unlike commercial PPP-RTK  services that
deconstruct the PPP state space service corrections into
observation space corrections and form virtual reference
stations to be used in the RTK process. This can be a
future step within a commercial FLAMINGO service, but
this approach will degrade the RTK accuracy that can be
achieved. In addition, FLAMINGO uses current RTCM
standards that do not yet support PPP-RTK. PPP-RTK will
be looked at more closely as part of future plans (Section
3.6.11), especially in terms of service coverage and
potential ability to converge, where this is not achieved in
PPP.FLAMINGO Raw GNSS Measurement Processor

In FLAMINGO, an independent Android Raw GNSS measurements processing tool, whose
main purpose is to log Android GNSS Raw measurements together with other smartphone

sensor measurements, was developed. The processor retrieved GNSS observables from
the Android Raw measurements. A high-level description is presented in Figure 3-7.
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Flamingo Raw GNSS
Measurement Processor

Figure 3-7: FLAMINGO Raw GNSS Measurement Processor

The FLAMINGO Raw GNSS Measurement processor has two main functions:
1 Data Logging
Android GNSS Raw measurements are stored together with other sensor
measur ement s (1 MU, c q mefevaast Sor naligatioro pugposesr € )
using a synchronous time scale for both information sources. This data is stored in
two files. The first file provides the GNSS measurements as a CSV, storing both Raw
measurements with an equivalent format to Android and the post-processed GNSS
observables. The other file provides the devices sensor measurements, also as a
CSV, with as many columns as retrieved measurements. The GNSS time scale
epoch tags each row of the file. Figure 3-8 illustrates two examples of these file

formats.

LI ]

# GPSWEEK, GPSSECOFWEEK,ACCX, ACCY,ACCZ, ROTX,ROTY, ROTZ, MAGX, MAGY ,MAGZ, PRES, HUM
Z068,2270853.097000,-0.0047884,4.7357311,1. 2018693, 0.0001047,0.0005323,0.0004712,38.5062500,31.8437500,-24.9667500,9.000, 0.000
2068,227053.246000,0. 0000000, 9. 4618855,2.4229321,0.0002054,0.0010647,0.0021642,77.6875000,62.0625000,-47.5000000,0.000,0.000
2068,227052.361000,-0.0095768,09. 4427310, 2, 3042018, 0.00020%4, 0. 0010647, 0.0021642,77.8125000,63.6250000,-47.5000000,0.000, 0.000
Z068,2270853.473000,0. 0000000, 9.4810390, 2, 3942016, 0.0002054, 0. 0010647, 0. 0005425, 77.66875000,62.1250000,-45.0625000,0.000,0.000
2068,2270853.587000,-0.0095768,9.4714622,2.4133554,-0.0005548,0.2010647,0.200%425,758.1250000,62.1250000,-45.8750000,0. 000, 0. 008
2068,227052.705000,-0.0191536,09.4714622,2. 4133554, 0.00020%4, 0. 0022864, 0. 0009425, 76.3750000,63.5625000,-48.3125000,0.000, 0. 000
Z068,2270853.6823000,0. 0000000, 9.4331551,2.4037766,0.0002054,0.0010647,0.0021642,77.0625000,62.8125000,-47.5000000,0.000,0.000
2068,2270853.934000,0.0000000,9.4427319,2,. 3542018, 0.0002054, 0. 0010647, 0.0085425,75.5625000,61.5375000,-45.0625000,0.000,0.000

®ece gnss_log_2019_08_27.17.03_53.csv

#

ElapsedRealtimeMillis; TimeNanos; LeapSecond; TimeUncertaintyNanos;FullBiasNanos;BiasNanos;BiasUncertaintyNanos;DriftNanosPerSecond;DriftUncer
taintyManosPerSecond;HardwareClockDiscontinuityCount;svid;constellationType; frequencyHz; band;attribute;pseudorangeMeters; phaseCycles;dopple
rHz; Cn@DbHz

917709743;1123000000; ;;-1250953451929999999;0.0;1.0272296925298095E9;;;0;1;1;1575420000.000000;1;C;NaN;0.000;1222.438;37.456
917705754;1123000000; ; ; -1250053451520595009;0.0;1.0272206925298095E9; ; 1;1575420000.000008;1;C;NaN;2.000;-249.756; 34,420
917705765;1123000000; 125@853451020000000;0.0;1.08272206025208085E9 1:;1575420800. H ;0.080;-4176.582;25.937
9177059775;1123000000; 1250953451929999999;0.0;1.08272296925298095E9 1 15754200008, ;0.000;-4356.093;27.950
917705785;1123000000; 1250953451529995959;0.0;1. H

917705792;1123000000; 125@853451020000000;0.0;1. ;1575420000. BBE.EB 1 C;NaN;@.080;-2567.802;27.108
917709799;1123000000; 1250953451929995999;0.0;1. ;1575420000.000000;1;C;NaN; @.000;-2432.193;29.847
917705886;1123000000; ; ;-1250953451525995959;0.0;1.08272296%925298095E9; 8 31;1;1575420000.000000;1;C;NaN;0.200;-606.829; 29,122

Figure 3-8: Raw GNSS and Sensor Logging Tool.

1 GNSS Observables Processor

The FLAMINGO Raw GNSS Measurement processor computes the basic GNSS
observables (code, carrier, Doppler and C/NO) from the Android GNSS Raw
measurements. A set of pre-processing procedures is carried out over the Android
GNSS Raw measurements to transform them to reliable GNSS observables (integrity
checks are applied to discard nonsense values). Therefore, the outcome of the GNSS
observables processor are ready to populate a RINEX file, or to be formatted to an
RTCM to be streamed (data is ready to be formatted as an RTCM MSM8 by
FLAMINGO6s subsystem message broker)

The RTCM MSM8 format is a custom data standard introduced in FLAMINGO to support
mobile data. The format is a modified version of the MSM7 standard, featuring modifications
to the carrier phase encoded value. As the smartphone provides a phase measurement
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uncorrelated to the pseudorange, which traditional RTCM formats expect, this new format
is proposed to keep the measurement intact without errors produced by alignment.

Considering RTCM format document RTCM 10403.3, Table 3.4-1 is appended with three
new additional data field elements. These are presented in Table 3-1.

Table 3-1: Appended Data Fields to Table 3.4-1 of RTCM 10403.3 to introduce MSM8.

DF # DF Name DF DF Data | Data Field Notes
Range Resolution Type
DF1000 | Accumulated | (O- 2(-10) m uint25 | This is the accumulated
Delta Range | 32767.5) delta range of the
(adr) m Android raw data output.
This value is combined
with DF1001.

The accumulated delta
range is calculated by,
accumulatedDeltaRange
= adr x 2(-10) + adrMSB

X 2(15).
DF1001 | Accumulated | (O- 2(15) m uint8 | This value increases the
Delta Range | 8388480) range of the
Most m accumulated delta range
Significant up to 8388480 m. This is
Bits used in combination with
(adrMSB) DF1000.
DF1002 | Sign of | 0-1 1 bit(1) | This value sets the sign
Accumulated of the accumulated delta
Delta Range range.
1 - positive
0 - negative

These three new data fields are introduced to MSM Signal Data fields, in Table 3.5-88, of
RTCM 10403.3. These elements replace the fine phase range extension of the MSM7
message, DF406. The new signal data field representation is presented in Table 3-2.

Table 3-2: New Signal Data field definition, modifying Table 3.5-88 of RTCM 10403.3 t
introduce MSM 8.

Data Field DF Number | Data Type | No. of Bits
GNSS signal fine Pseudoranges with extended | DF405 int20 20*Ncell
resolution

Accumulated Delta Range DF1000 uint25 25*Ncell
Accumulated Delta Range Most Significant Bits | DF1001 uint4 4*Ncell
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Data Field DF Number | Data Type | No. of Bits
Sign of Accumulated Delta Range DF1002 bit(1) 1*Ncell
GNSS Phaserange Lock Time Indicator with | DF407 uint10 10*Ncell
extended range and resolution
Half-cycle ambiguity indicator DF420 bit(1) 1*Ncell
GNSS signal CNRs with extended resolution DF408 uint10 10*Ncell
GNSS signal fine PhaseRangeRates DF404 intl5 15*Ncell
TOTAL 86*Ncell
The RTCM Messages for each constellation are consequently renamed to 1078, 1088,

1098, 1108, 1118 and 1128.

3.3.3 FLAMINGO Server

The FLAMINGO Server consist of two core modules, each with the following characteristics:

1 2 CPUs with 14 cores @ 2.2GHz.
1 128 GB RAM
T 20 TB memory

The FLAMINGO server architecture is based on six Virtual Machines (VM), communicating
between them. They are all regrouped on the same server, which is installed at the
Telespazio premises in Toulouse. This server is installed on the Telespazio network, and
therefore is protected by the Telespazio firewalls and SSL certificate.

https://lwww.flamingognss.com

Page 31 of 53


https://www.flamingognss.com/

FLAMINGO: D10.11_INTERNAL FINAL REPORT

Ref: D10.11_Final Report-PU Issue:1.0 Date: 12/06/2020

- 5=
. Rtcmbd
% o tcmManagerServer

o o =
> ) |
% J Keycloak % r DB-Api
|
¥ |
|
|
I
I
=
R Auth-Api
% J utih-Api
s
]
% PPP Correction Server
~
B
b
% _J Caster

Figure 3-9: Flamingo server architecture

The different services have already been described in D3.1. They consist of the following:

1

Auth-API: This service is the Flamingo main interface with the Flamingo users. It is
use as gateway to authenticate the users with the help of Keycloak and grant them
access to the Flamingo services.

Keycloak: This server regroups the user credentials and generates the JSON Web
token used to authenticate the users.

Caster: the caster centralizes all the GNSS station data streams and the PPP
correction data stream.

PPP correction server: This service computes PPP corrections based on GNSS
measurements provided by the GNSS station available on the caster.

RTCM Manager server: this service is used to remotely compute the precise
position of the 10T devices.

DB-API: this service stores the NMEA precise position files of each mobile and loT
device using flamingo service.

The server is adaptable to the provision of numerous manifestations of high-accuracy
positioning, supporting both data provision for client-based positioning as well as server-
based positioning management. The server is fully secure, scalable, and accessible by only
trusted, authenticated users.

3.3.4 FLAMINGO RTK

In FLAMINGO, we have created an independently operating RTK module for real-time
implementation. The module consists of the following features:
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1 Employs Extended Kalman Filter combining both code and carrier-based GNSS raw
measurements.

1 Proven to achieve sub-meter performances in kinematic scenarios for smartphones,
u-Blox mass market receivers and Geodetic-class receivers.

Can be figured to use a double-difference measurement model with short baseline.
Integer ambiguity resolution.

Long baseline and moving baseline models also possible.

= =4 -4 =

Pre-processing algorithm for removing satellites based on code-carrier differences 1
especially applicable for smartphone cases.

The RTK tool is illustrated in Figure 3-10. The input is merely RTCM streams containing
information on the reference station observations and position, rover observations and
GNSS navigation messages. The position is then returned as a callback through three
NMEA messages, GNS, GST and VTG.

Reference Station Data

Y

Position Data

[
L

Rover Observations

RTCM
YIWN

Y

Mavigation Message

k J

FLAMINGO RTK
Positioning

Figure 3-10: RTK Positioning Algorithm Inputs and Outputs.

The performances of the RTK module are illustrated in the previous section. However, a
keynote is that the module is scalable and stand-alone. Multiple RTK sessions can be
implemented in a scalable manner, where an internal thread is initialised when a new RTK
session is requested.

The RTK module also may switch to a PPP session if the reference station site exceeds a
certain threshold. In FLAMINGO, this is set to 10 km, but may be modified. Similarly, a switch
from PPP to RTK may be initialised if the rover moves within the boundary area of the
available reference station stream. Local reference stations are derived from the FLAMINGO
NTRIP caster source table.

3.3.5 FLAMINGO PPP

In FLAMINGO, we have created an independently operating PPP module for real-time
implementation. The module consists of the following features:

1 Employs Extended Kalman Filter combining both code and carrier-based GNSS raw
measurements.

1 Proven to achieve sub-meter performances in kinematic scenarios for u-Blox mass
market receivers and Geodetic-class receivers.
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1 Proven to be compatible with PPP mass-market receivers.
1 Employs PPP SSR corrections including:
o Orbital corrections i GPS, GLONASS, Galileo, Beidou.
o Clock corrections i GPS, GLONASS, Galileo, Beidou.
0 Code bias corrections i GPS, GLONASS, Galileo, Beidou.
0 Carrier phase bias corrections i GPS, GLONASS, Galileo, Beidou.
o0 VTEC ionospheric corrections.

1 Pre-processing algorithm for removing satellites based on code-carrier differences i
especially applicable for smartphone cases.

The PPP tool is illustrated in Figure 3-11. Similar to the RTK positioning module, he input is
merely RTCM streams containing information on the PPP SSR corrections, rover
observations and GNSS navigation messages. The position is then returned as a callback
through three NMEA messages, GNS, GST and VTG. Scalability and switch capabilities are
similar to the RTK module.

Precise 55R Corrections

=
= Rover Observations Position Data =
(= > =
= " q
Mavigation Message >

>

FLAMINGO PPP
Positioning

Figure 3-11: PPP Positioning Algorithm Inputs and Outputs.

3.3.6 FLAMINGO POD

For the PPP engine, the user requires precise orbit, clock, and bias products for GNSS
satellites since the broadcast precision is usually not sufficient for PPP application. It is the
responsibility of the GNSS Processing Server to deliver such products. Besides orbit, clock
and biases products, the user might be interested in local environmental data such as
tropospheric delay or VTEC.

Regarding local environmental data, FLAMINGO provides the ionospheric corrections
computed by the broadcast. Nevertheless, for the tropospheric delay, they are 2 main issues
that prevent FLAMINGO from providing the user with tropospheric corrections. First of all,
the user would need to be close to a station used by the GNSS Processing Server to assume
similar conditions and justify the use of the tropospheric delay computed for the station.
Moreover, and most importantly, the format used to send the data to the user in real time,
namely RTCM 3.3, does not yet support tropospheric delay messages. The RTCM SC-104
group is currently working on a standardised format to disseminate SRR information.

https://lwww.flamingognss.com Page 34 of 53


https://www.flamingognss.com/

FLAMINGO: D10.11_ INTERNAL FINAL REPORT
Ref: D10.11_Final Report-PU Issue:1.0 Date: 12/06/2020

Tropospheric delay messages are part of the list but have not been approved yet. Therefore,
the user will have to compute his tropospheric correction on his own for now.

The GNSS Processing Server, illustrated in Figure 3-12, is a real time chain which
communicates with the FLAMINGO Caster and external entities, such as the IGS FTP, to
collect ultra-rapid EOP data. The main component of this chain is the FLAMINGO GNSS

POD which processes all the incoming data (RINEX observations, RINEXnavi gati oné)

compute corrections to the broadcast and improve the precision.
I ——

FLAMINGO Server

BNC FLAMINGO BNC TAS RT POD
Nirip-clilent GNSS POD Nirlp-server

FLAMINGO Caster MSL Caster

Ntrip-caster

RTCM
RTCM RTCM
.‘
IGS FTP IGS Cast
(lgu eop) [rinex Dbﬁl‘mmsbsagnruna] EDAS

A

Figure 3-12: FLAMINGO POD Functional Chain.

The FLAMINGO POD relies on a Kalman filter which suits well the real time context. Both
code and phase measurements are processed by the POD. Phase measurements are used
to increase the precision, they are precise but ambiguous. Here, the ambiguities are solved
as floating ambiguities, which should be sufficient to meet the final 50cm precision at user
level. If we want to go further and improve the precision, we can consider fixing integer
ambiguities which could be a potential future evolution of the FLAMINGO GNSS POD. Bi-
frequencies (L1/L2 for GPS and E1/E5a for Galileo) are used to compute iono-free
combinations and remove the delay due to the ionosphere.

Regarding the network, there are no particular restrictions for FLAMINGO. Therefore, we
have chosen a worldwide network from IGS RT network. This network is illustrated in Figure
3-13. Relying on a worldwide network rather than a regional network is what is done usually
for PPP applications. As for the BNC software from the BKG, it is used as an interface to
connect FLAMINGO GNSS POD to the real time world.
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Figure 3-13: Worldwide network of 66 RT IGS stations utilised by FLAMINGO.

The FLAMINGO POD can support precise corrections to many other user situations. It is a
stand-alone product, that may be connected to other NTRIP casters. The precise products
may also be disseminated through another communication means.

3.3.7 FLAMINGO IOT Device i Blue Dot Solutions

The 10T Devices developed by BOT were based on the Raspberry Pi 3+. The Raspberry Pi
3+ was implemented as the main computational/control platform, because of its high
popularity and wide support for both hardware and software, while allowing good stability
and reasonable power consumption that could enable testing with existing power supplies
compatible with USB standard of 5 VDC. The development process has been divided into
two stages, with two products developed under this umbrella:

1. Stage A, which was intended to build and test the FLAMINGO system as simplified,
intermediate platform.

2. Stage B, in which initial stage A device would be upgraded to form demonstration
devices intended to test the solution with GAIT supplied transportation.

Stage A devices were intended as an intermediate solution that allowed FLAMINGO
validation prior to entering Stage B, that required a higher number of more complex devices.

Two Stage A devices has been used to verify the FLAMINGO loT capability. The Stage A
device schematic is illustrated in Figure 3-14.
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Figure 3-14: Stage A Device Schematic.
The FLAMINGO subsystem itself has been divided into two main software components:

1 UBX data parser subsystem, used for real time decoding of the UBX binary stream
supplied directly by the ZED F9P EVK.

1 Main application linked with FLAMINGO API, used to process available data into a
form required by the FLAMINGO API, sending the information to the FLAMINGO
servers for processing.

The device data handling is illustrated in Figure 3-15.

ZED FaP EVK Raspberry Pi FLAMINGO Servers

- «| FLAMINGO -
UBX Binary Data g UBX Parser > Application » FLAMINGO Server

Figure 3-15: Device data handling schematic.

The data parser was used to read the incoming binary stream from an open USB port
connected to the ZED-F9 receiver 1 a byte-by-byte solution was used to identify the
positions of message start blocks, and when identified by the parser, copied the data block
to the main application. The parser was designed with an ability to perform diagnostic writes
of identified raw (RAWX) data to enable some level of debugging prior to data being altered
by the main application. This was to ensure that translation matched the FLAMINGO API
requirement.
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The main application was responsible for collecting, sorting and submitting the raw data in
a format understood by the FLAMINGO server, with the additional ability to save log files
that included post-processed raw information (as seen as FLAMINGO), the initial GNSS
receiver binary data stream for possible manual decoding, as well as some sets of messages
for diagnostic purposes.

This pre-deployment tool may be used by future developers of FLAMINGO, to simplify
integration to the FLAMINGO system. Indeed, the stage A device integration was used to
assist EXYS in their own integration.

Once FLAMINGO was successfully integrated, tested, and validated, a Stage B device was
developed.

More advanced Stage B units relied on two completely independent applications forming
two main subsystems:

A FLAMINGO service subsystem, working with otherwise unchanged code to
Stage A devices
BOT sensor data subsystem

5

Additionally, a BOT provided server solution was also designed and implemented to allow
more user-friendly control over 15 0T units as well as a backend/frontend support for
planned data fusion from both systems. This is the third-party server product that support
FLAMINGO data handling and is presented in a later sub-section.

In summary, BOT has developed an IoT device which was working with the FLAMINGO
service and provided very high level of prevision i especially when compared with
Atradit iledragadnay deviees notgompatible with FLAMINGO. The results achieved
by BOT open path to introduction of type of 10T devices for tracking of public vehicles, such
as trams or buses in difficult urban areas.

3.3.8 FLAMINGO IOT Device i Eclexys

The 10T unit developed by EXYS in FLAMINGO has been designed to offer a low-cost
implementation of a GNSS receiver. The receiver is integrated into a single board computer
platform greatly simplifying the interfacing and integration of the device into a vehicular
architecture.

EXYS, in the first phase of the project, has identified among few alternatives the most viable
dual-frequency receiver chips available on the market. EXYS has selected the innovative
moduleu-Bl ox F9 as the fAengineo of etcloiee hhsob&en
particularly wise, as most of the other dual-frequency chips announced for immediate
release at the beginning of the project have been severely delayed or were available only to
a few select mass producers of consumer electronics.

After a prototypal embodiment which allowed to characterize the dual-frequency module,
confirming the possibility to obtain all the raw data required in the FLAMINGO system, the
following final architecture has been eventually defined and produced in some units for use
by EXYS and by NSL.
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A block diagram of the 10T unit is shown in Figure 3-16.

Figure 3-16: EXYS loT device block diagram.

The 10T device is already optimized for possible use in vehicles and several design choices
are aimed to reduce remarkably the overall cost. A single board Raspberry Pi 4 computer
has been selected to provide a rugged and reliable platform, which accepts a custom plugin
module designed by EXYS and serves as the dual-frequency GNSS receiver. The module
integrates natively also a MEMS inertial sensor unit and a watchdog circuit to prevent
shutdowns caused by transient electric disturbances, which is common to many vehicles.

Connected to the single board computer, an external 2G/3G/4G wireless modem establishes
a link towards the FLAMINGO server, transmitting the raw data needed to run both PPP and
RTK algorithms. In its integrated form, the EXYS loT device is presented in Figure 3-17.

Figure 3-17: Fully assembled EXYS IoT device.

The receiver designed in FLAMINGO proved to be highly reliable and has met the
requirements of the system. When connected to a low cost, dual frequency patch antenna,
it produced reliably raw data from signals belonging to all the four GNSS constellations
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