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Introduction and motivation

Problem: GNSS utilisation risk assessment from
perspective of a GNSS application — how to map
PNT performance onto GNSS application Quality of
Service?

Problem sources: Geometric Dilution of Precision
(GDOP), GNSS positioning environment (space
weather, geomagnetic, Ionospheric conditions,
tropospheric conditions, local topography,

multipath), artificial sources of disturbances
(Jamming, spoofing, meaconing)

Requirements for GNSS resilience for provision of
robust and sustainable GNSS applications with
service quarantees
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 Material

* A massive set of 4917 hourly observations of GNSS
pseudoranges and Dst index at Darwin, NT in 2014

* GPS horizontal errors derived from single-
y GPS pseudoranges
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e Research results

* OQOriginal database of annual observations is sub-
setted according to Dst outlier analysis
Sub-set A. Dst > 30 nT
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e Research results

* The sub-sets are used for PoO estimation through
GPS horizontal error occurrence counts

Table 1: Counts-based Subset A Probability of Occurrence estimates for selected GPS positioning error levels

Horizontal error 1 m 2m 5m 10 m

exceeding:

Number of occurrences 9 2 0 0

PoO (of the subset) | 64.29% 14.29% 0.00% | 0.00%
Table 2: Counts-based Subset B Probability of Occurrence estimates for selected GPS positioning error levels

Horizontal error 1m 2m 5m 10m

exceeding:

Number of occurrences | 125 93 33 | 0

PoO (of the subset) 82.78% 61.59% 21.85% 0.00%

Table 3: Counts-based population Probability of Occurrence estimates for selected GPS positioning error levels

Horizontal error 1m 2m 5m 10m
exceeding:

Number of occurrences 3706 1953 627 64
PoO (in total set of 4971 74.55% 39.29% 12.61% 1.29%
observations)
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e Research results

* PoO diagrams in various classes of geomagnetic
field disturbance
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 Discussion and recommendations

* Probability of Occurrence (PoQ) is introduced as a
measure of risk of GNSS horizontal positioning
error degradation

* PoO model development methodology is proposed,
and demonstrated in the case of risk assessment in
tropical regions using Dst index (Darwin, NT data)

* Proposed PoO aims at assisting GNSS applications
developers in quantification of Quality of Service
degradation risk due to vulnerabilities of GNSS as
an underlying technology
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