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Introduction and motivation

Growing need for GNSS performance assessment in
various environments of potential GNSS-based
applications

Laymen and expert community with prospects for and
Interest in collection of valuable experimental data

. Avallability of tools and systems for data science
(data statistics and analytics)

. Wide-spread novel ICT that allows for collection,
aggregation, storage and access to large data sets
(cloud services - computing, cloud storage, parallel
computing, Internet of Things — IoT, mobile internet
etc.)
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e Introduction and motivation

* Citizen Science (CS) concept
* There are laymen and
professionals around with (more
or less):
e Spare time and personal
motivation
» Access to technology
A certain level of domain
understanding
» Analytic skills
 How to organise them to deliver
something useful?
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Data science

. Statistics and

statistical learning
methods, techniques
and tools applied to
on large data sets in
order to extract non-
apparent patterns,
relationships and
knowledge about
observed process In
general
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* GNSS application
development process

e Requirements

e Users/stakeholders

e Technology

e Quality of service

e Result of the service
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* The problem: Lack of the experimental data

 Lack of geographically well-distributed GNSS

observations taken in different positioning environments

and for different use-case scenarios

e Analogy with the weather forecasting data problem
e Large variations of QoS requirements for GNSS
applications (especially for those of mobile nature)
* Noise and interference problem
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*The problem: Lack of of the experimental data

 Citizen science concept successful in many scientific
disciplines, providing:

e Low-cost sensors operation

* Improved geographical distribution

e Continuous monitoring
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 Good practices

 International GNSS Service (IGS) (http://www.igs.org/)

 Intermagnet (http://www.intermagnet.org/data-

donnee/download-eng.php)

« Space weather & ionospheric data:
 SPIDR (NOAA, US): http://spidr.ngdc.noaa.gov/spidr/
 ESA SSA Space Weather Co-ordination Centre:
http://swe.ssa.esa.int/web/guest/service-centre
 Royal Observatory of Belgium, GNSS Research
Group:
http://www.gnss.be/Atmospheric_Maps/ionospheric_m

aps.php
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 Citizen Science for GNSS performance monitoring
and assessment

« GNSS observables collection by volunteers (both
laymen and professionals) in compliance with the
minimum standards for experimental design,
(commercial-grade) equipment utilisation, and quality of
collected data

e Data sets collection, aggregation, cleaning, sorting and
storing in standrdised formats, with the open access to
scientists, engineers, and technology-, strategy-, policy-,
and business-developers
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 Citizen Science for GNSS performance monitoring

and assessment

e Error correction and modelling
 Assessment of the effect of PNT environment (effects
of the ionosphere, multipath etc.) — identification of
systematic effects i R )
SS data procesgin ’
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GNSS performance assessment?
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« Recommendations (1)

e Establishment of the observation standards for Citizen
Science-based GNSS performance monitoring and
assessment

» Establishment of a catalogue/database of use-cases
per targeted classes of applications (navigation: air,
maritime, road, personal; non-navigation: ITS, LBS,
timing and synchronisation, emergency services,
agronomy and forestry etc.)

«Setting standards for data collection based on best
practices (IGS) and characteristics of commercial-grade
equipment
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« Recommendations (2)

e Setting standards for data storage, organise it, and
operate it with the open-access principle deployed

» Setting standards for data access (incl. common data
formats, data and system protection)

« Setting standard procedures for data cleaning and error
correction (where required)

» Advising on and recommending the GNSS data
processing methodology

e Fostering international co-operation and data analysis
results exchange
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* Challenges

* Technology and organisational challenges

. Data and services hosting

. GNSS data collection

. GNSS data cleaning and normalisation

. GNSS data storage

. GNSS aata access

. GNSS data processing

. Error corrections, modelling and processing
. Data and system protection

. Means of co-operation
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e Conclusion and future work
« GNSS operation and GNSS-based services
iIncreasingly requires knowledge of GNSS PNT
performance in various deployment environments and
conditions
e An initiative to establish a scientific & engineering —
grade database of citizen science experimental
observations to be used for GNSS PNT performance
assessment in various conditions and environments, thus
facilitating responsible, elegant and QoS-guaranteed
GNSS-based applications development
e The initiative as an international co-operation effort that
yields the system and reliable data accessible openly



UN ICG Experts Meeting: GNSS Services
Vienna, Austria, 14 — 18 December, 2015

Dr Renato Filjar, FRIN
e Reference

[1] Nature editorial. (2015). Rise of the citizen scientist. Nature, 524, 265. Available at:
http://bit.ly/ITSHBOC. doi:10.1038/524265a

[2] Alabri, A and Hunter, J. (2010). Enhancing the Quality and Trust of Citizen Science
Data. Proc of 2010 Sixth International Conference on e-Science (8 pages).

[3] Stevens, M et al. (2014). Taking Participatory Citizen Science to Extremes. Pervasive
Computing, April — June 2014, 20 ... 29.

[4] Hughes, | G, and Hase, T P A. (2010). Measurements and their Uncertainties: A
practical guide to modern error analysis. Oxford University Press. Oxford, UK.

[5] Navipedia. (2015). Navipedia web-site. European Space Agency (ESA) in partnership
with UN OOSA. Available at: http://www.navipedia.net

[6] Petovello, M. (2015). What are the actual performances of GNSS positioning using
smartphone technology? Inside GNSS. Available at: http://bit.ly/1IReHd5
http://www.insidegnss.com/node/4276

[7] Petrovski , | G. (2014). GPS, GLONASS, Galileo, and Beidou for Mobile Devices:
From Instant to Precise Positioning. Cambridge University Press. Cambridge, UK.

[8] Sanz Subirana, J, Juan Zornoza, J M, and Hernandez-Pajares, M. (2011). GNSS Data
Processing — Volume |: Fundamentals and Algorithms. Euroepan Space Agency.
Nordwijk, the Netherlands. Available at: http://bit.ly/1CigrGz



UN ICG Experts Meeting: GNSS Services
Vienna, Austria, 14 — 18 December, 2015

Dr Renato Filjar, FRIN
e Reference

[9] Hohnson, Jr, C R, and W A Sethares. (2003). Telecommunications Breakdown:
Concepts of Communication Transmitted via Software-Defined Radio. Prentice Hall.
Upper Saddle River, NJ. Available at: http://bit.ly/1Bq90xD

[10] Crawley, M J. (2013). The R Book. John Wiley & Sons, Ltd. Chichester, UK.

[11] Maindonald and Braun. (2010). Data Analysis and Graphics Using R (3" edition).
Cambridge University Press. Cambridge, UK.

[12] Filjar, R, Kos, T, Kos, S. (2010). Low-cost space weather sensors for identification
and estimation of GNSS performance space weather effects. Proc of NAV10 Conference
(on CD-ROM). London, UK.

[13] Frissell, N. A., E. S. Miller, S. R. Kaeppler, F. Ceglia, D. Pascoe, N. Sinanis, P. Smith,
R. Williams, and A. Shovkoplyas (2014), lonospheric Sounding Using Real-Time Amateur
Radio Reporting Networks. Space Weather, 12, 651-656. doi:10.1002/2014SW001132.
[14] Filjar, R, Desic, S, and Huljenic, D. (2004). Satellite Positioning for LBS: A Zagreb
Field Positioning Performance Study. J of Navigation, 57, 441 — 447. doi:
10.1017/S0373463304002851

[15] Filjar, R, Kos, T, Kos, S. (2010). Low-cost space weather sensors for identification
and estimation of GNSS performance space weather effects. Proc of NAV10 Conference
(on CD-ROM). London, UK.



UN ICG Experts Meeting: GNSS Services
Vienna, Austria, 14 — 18 December, 2015

Dr Renato Filjar, FRIN
e Reference

[16] Frissell, N. A., E. S. Miller, S. R. Kaeppler, F. Ceglia, D. Pascoe, N. Sinanis, P. Smith,
R. Williams, and A. Shovkoplyas (2014), lonospheric Sounding Using Real-Time Amateur
Radio Reporting Networks. Space Weather, 12, 651-656. doi:10.1002/2014SW001132.
[17] Filjar, R, Desic, S, and Huljenic, D. (2004). Satellite Positioning for LBS: A Zagreb
Field Positioning Performance Study. J of Navigation, 57, 441 — 447. doi:
10.1017/S0373463304002851

[18] James, G, Witten, D, Hastie, T, and Tibshirani, R. (2014.). An Introduction to
Statistical Learning with Applications in R. Springer Science+Business Media. New York,
NY. Available at: http://www-bcf.usc.edu/~gareth/ISL/

[19] Peng, R D. (2015). Exploratory Data Analysis with R. Leanpub. Victoria, BC.



UN ICG Experts Meeting: GNSS Services
Vienna, Austria, 14 — 18 December, 2015

Dr Renato Filjar, FRIN
e Tools and the other resources

* R. (2015). Avalilable at: http://www.r-project.org

« H20. (2015). Software and documentation available at:
http://h20.all#/

e Rattle for R. (2015). Sowftware and documentation
avallable at: http://rattle.togaware.com/

 RTKLIB. (2013). Software and documentation available
at: http://www.rtklib.com/
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This lecture is based on the paper presented at the 9th Annual Baska GNSS
Conference (Baska, Krk Island, Croatia), a meeting point for scientists, engineers,
strategists, advisors, policy-makers, technology- and business-developers, regulators,
end-users and the other interesting parties.

The Annual Baska GNSS Conference addresses the latest developments in:

- GNSS core and advanced PNT,

- development of resilient GNSS (especially against space weather,

lonospheric and jamming effects),

- signal processing for GNSS receiver design,

- GNSS alternatives, and

- GNSS PNT navigation and non-navigation applications (incl. intelligent
transport systems, GNSS-R, location-based services, space weather and
lonospheric monitoring, timing and synchronisation applications, forestry, and
agriculture).

Invitation to 10th Annual Baska GNSS Conference to be held
in Baska, Krk Island, Croatia
8 — 10 May, 2016
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