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• Introduction

• Global Navigation Satellite System (GNSS) as a component
of national infrastructure & application enabler

• GNSS PNT performance presented for ideal case of
utilisation

• GNSS applications requires GNSS positioning performance
description -> embedded in GNSS application Quality of
Service (QoS)

• What is the risk of GNSS positioning performance failure
in the provision of positioning performance (accuracy)
required by GNSS application?
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• Research hypothesis

• Sufficiently large dataset reflects the long-term statistical
behaviour of GNSS positioning errors + proportional
frequency of appearance of disturbing events -> a
probabilistic model of the risk of GNSS positioning
accuracy failure to meet the QoS requirements of a
specific GNSS application
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• Material (1/2)

• The sufficiently large dataset is available that reflects the
long-term statistical behaviour of GNSS positioning errors
-> continuous GNSS pseudorange observations at
reference stations of International GNSS Service (IGS)

• This research utilises 365 days of GNSS pseudorange
observations at Iqualuit, Canada

• The case of single-frequency GPS positioning errors,
derived from GPS pseudorange observations, as observed
in polar regions (Iqualuit)
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• Material (2/2)
• Statistical analysis of horizontal GPS positioning error of a

commercial-grade single-frequency GPS receiver
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• Method (1/2)

• A single-function probabilistic model of the risk of GNSS
positioning accuracy failure to meet the QoS requirements
of a specific/targeted GNSS application -> Probability of
Occurrence (PoO) model

• GPS/GNSS Probability of Occurrence (PoO) risk
index is defined based on empirical identification of
the GPS/GNSS positioning degradation
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• Method (2/2) 
• Probability density function fX(x) of statistical variable X

• Cumulative distribution function (CDF) FX(x) is defined as
the function that returns the probability that X will
acquire the value less then, or equal to x

• Complementary cumulative distribution function (CCDF),
or tail distribution, is derived from the cumulative
distribution function
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Source: 
https://en.wikipedia.org/wiki/Probability_d
ensity_function

Source: 
https://en.wikipedia.org/wiki/Cumulative_d
istribution_function

Source: 
https://en.wikipedia.org/wiki/Cumulative_d
istribution_function#Complementary_cumu
lative_distribution_function_(tail_distributi
on)
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• Concept/method demonstration

• Scenario: polar regions, single-frequency commercial-
grade GPS receiver, GPS application with defined QoS

• PoO GPS risk model developed on GPS postioning error
estimates derived from experimental GPS pseudorange
observations in polar region in 2014
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• Concept/method
demonstration

• A specific GPS-based
application should
define its request for
the highest acceptable
horizontal GPS
positioning error

• Example: GPS
application requires that
GPS positioning error
should not exceed 5 m
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Source:https://www.euspa.europa.eu/sites/default/files
/report_on_maritime_user_needs_and_requirements.p
df 
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Source: 
https://www.euspa.europa.eu/sites/default/files/report
_on_aviation_and_drones_user_needs_and_requiremen
ts.pdf
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• Discussion

• The proposed method, and PoO model demonstrated in
the proof-of-principle scenario, may be generalised
towards any positioning indicator requested, as well as to
utilisation multiple GNSS position estimation.

• GPS application operator and user may consider
implementation and operation of a redundant positioning
system in a confined area (port) to overcome the risk, or
the utilisation of integrated navigation (for example,
GPS+INS), for the period of degraded GPS positioning
performance.
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• Conclusion

• This research proposes a single-function probabilistic
model of the risk of GNSS positioning accuracy failure to
meet the QoS requirements of a specific/targeted GNSS
application -> Probability of Occurrence (PoO) model
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• Recommendations

• 1. Consideration of development & utilisation of a method of
the Probability of Occurrence (PoO) model of GPS/GNSS
application utilisation, especially in aviation and maritime.

• 2. Assemblage of a year-long massive databases of GPS
positioning errors presented in the open-source access manner.

• 3. Fulfillment of, and support to, UN Sustainable Development
Goals.

• 4. Facilitation of international collaboration of GNSS PNT
performance observation collection and risk analysis in various
conditions of use, applications, and influencing phenomena.

• 5. Utilisation of open source framework, such as R, for PoO
model development and validation
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