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 Problem statement

 Exposure to systemic, natural, and artificial sources of disturbances
and disruptions originated in the positioning environment

* Position estimation process equalised with a GNSS receiver

* GNSS operators are expected to guarantee PNT QoS, in the un-
controlled positioning environment

* GN@éSQpp“ngnons eXtendS PNT QOS needs Source:(Juki¢, lliev, Sikirica, Lenac, Spoljar,
---------------- Reggpton POSITIONING ENVIRONMENT Filjar, 2020)

Source:(Sainz ‘A
Subirana et al, 2012) /Satellite clock offset
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« State-of-the-art - background accomplishments

* GNSS pseudorange error correction using the global models —
failure in recognition of the real positioning environment
conditions

* Specification of the core PNT QoS do not translate into GNSS
application QoS needs easily

* Augmentation and assistance (SBAS: WAAS, EGNOS) —
additional infrastructure, expensive for establishment, operation,
and maintenance

* Additional infrastructure and effort for mitigation of artificial
disruptions and disturbances, while potential GNSS cyberattacks
may rasie the mitigation costs

« (alls for ‘'GNSS receiver standardisation’ and ‘certification’
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Availability of the positioning environment-related observations,
real-time and archived (space weather, geomagnetic,
ionsopheric, and tropospheric conditions)

Motion and environment sensors availability in users devices
Raising computational capacity of user devices

A wide-spread use of statistical learning methods

Availability of efficient methods ofr sensor information fusion

Advanced computational architectures and services (cloud, mist,
advanced encryption and authentication etc.)



9th Interference Detection and Mitigation Workshop,
Vienna, Austria, 24" August, 2021
GNSS ionospheric effects mitigation using the statistical learning-based method
embedded in the position estimation process (R Filjar, Croatia)

« State-of-the-art - GNSS position estimation process

* Input: raw GNSS pseudorange measurements, corrected for
known systematic errors (bias, trend, seasonality) using
globalised correction models (Klobuchar, NeQuick, standard
atmosphere-based Saastamoinen); navigation message data

 Diverse position estimation algorithms based on different
optimisation approaches

Navigation
Pseudorange . : " .
message data ; g Position, velocity and  Position, velocity
I —™ time estimation and time estimates
Measured GNSS systemic errors
pseudorange

Navigation (positioning) domain

Source: (Zogg, 2009)
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* Mathematical foundations of GNSS position estimation

Process

* GNSS position estimation algorithm as a solution of the

optimisation problem

dlz\/(x_xsl)z"'(y_ysl) +(Z_Zsl) +cod;
d2:\/(x—xsz)2+(y—y82)2+(z—zsz)2+c-dT
d3=\/(x—xs3)2+(y—ys3)2+(z—ZS3)2+C dr
d4:\/(x_xs4)2+(y_ys4)2+(z_zs4)2+c'dT

x=argminp(x) 27 p(x)

X

> cov(v)

Sources:
(Fili¢, 2021), and
(Fili¢, Grubisic, Filjar, 2018)

Conclusion: Mitigation of the GNSS
positioning environment effects may
be embedded within the GNSS
position estimation algorithm,

should the statistical properties of

4] the effects are known or identified.
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* Atraditional GNSS application model

* Unnecessary equivalence between a GNSS receiver and a
GNSS position estimation process/algorithm as a considerable
obstacle in trasnparent definition of the GNSS application QoS

GNSS receiver aerial

Radio Frequency

Base — Band Navigation - GNSS — based
Domain (RFD)

Domain (BBD) Domain (ND) application

_____________________________

Source:(Fili¢, Filjar, 2018, book), (Fili¢,

GNSS system Filiar, 2018, MIPRO), (Fili¢, Filiar, 2018,
ION GNSS+ 2018)

Through a icati
_ _ GNSS application
dedicated API: defined by its needs

|
GNSS % for GNSS PNT QoS
RECEIVER velocity, Q

time,
positioning error

Source:(Fili¢, Filjar, 2018, book)
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* A proposal for a transparent and distributed GNSS
position estimation algorithm based on SDR

* GNSS position estimation detached from traditional GNSS
receiver architecture, integrates the GNSS application

 SDR renders the GNSS position estimation algorithm transparent

lGNSE receiver aerial

Sources:(Fili¢, Filjar, 2018, book),
(Filjar, Damas, lliev, 2020)

. Radio F_I'E.‘IZ]L.IEI'IIE,"}IIr - Base-Band E:1 Navigation :D GNSS-U&SEE'
Domain (RFD) Domain (BBD) Domain (ND) application

_ ‘ Satellite-Positioning-as-a-Service (Spaas)
Mobile unit cloud unit

L

RINEX observation
RINEX navigation message
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Positioning environment-adaptive ~GNSS  position

estimation algorithm integrated with the GNSS
application

GNSS application manages QoS (selection of suitable GNSS
position estimation method and error correction procedures
based on real-time positioning environment conditions, scalable
GNSS positioning performance)

GNSS operator remains responsible for the matters of GNSS
spectrum and signals

Positip_ning to becorpe expandable towards context recognition

GNSS ' GNSS GNSS GNSS-

RF Slgnal ............................... =
processing pseudorange » pseudorange —» position > based
measurement correction estimation application
. software-defined
Sources:(Fili¢, Filiar, 2018, book), (Filjar, Damas, closely integrated

lliev, 2021), (Jukic, lliev, Sikirica, Lenac, Spoljar,

__Filjar, 2020)
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* The quest of GNSS positioning
accuracy — not anymore!

* Majority of GNSS applications does
not require absolute accuracy, and EE%:&E&E%ENEEDSAND

does not need the best accuracy [
possible USER CONSULTATION PLATFORM

w ] Fl L] - L] [ ] w “ @ - [ w =

REPORT ON LOCATION-BASED

* Transition of positioning towards
context recognition and localisation

* Re-definition of the positioning
accuracy as the GNSS positioning -
performance indicator — GNSS o
operator should concern with the
GNSS spectrum and GNSS signal
integrity maintenance

Source: (EUSPA, 2019). Available at: https://www.gsc- ﬂ - :
europa.eu/sites/default/files/sites/all/files/Report_on_U | =05 L0 A
ser_Needs_and_Requirements_LBS.pdf
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* Positioning environment-adaptive ~ GNSS  position
estimation algorithm with mitigation of ionospheric effects

* GNSS Software-Defined Radio empowered with mitigating position
estimation algorithms, real-time space weather observations, and
statistical learning-based correction models

Navigation
message data

<l
-

}?osmomng -
environment data

GNSS positioning
- performance
forecast

Pseudorange
measurement
corrections

Position, velocity,
Measured GNSS> and time estimates

pseudoranges

Sources:(Filjar, Damas, lliev, 2021), (Fili¢, Filjar, 2018, book) NAVIGATION (POSITIONING) DOMAIN
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* Case-study of shortterm rapidly developing
geomagnetic storm in sub-equatorial area (Darwin, NT)

LRM ... Linear Regression Model, MMLPNN ...
Monotone Multi-layer Perceptron Neural Network
Model, RFM ... Random Forest Model, Klobuchar
... Standard Klobuchar Model

MMMMM

Sources:(Filjar, Weintrit, lliev, Mal€i¢, Juki¢, Sikirica, 2020), (Fili¢, Filjar, 2019, URSI AP-RASC)
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* Enhanced GNSS position estimation algorithm, with
mitigation of ionospheric effects

* Weighted Least Squared GNSS position estimation method

* Weights selected in relation to geomagnetic/ionospheric
conditions, using statistical learning methods

W = diag(kl, ]CQ, Ceey kN)

X = arg min, p(x)’ p(x).

ka = =
. .1
f)I(X) — ( Q(X)aplz(x)apé(xhpil(x)) 0@'1 — SiIl(Elei)
_2(331 —x) 201 —vy) 2(z1—2) —2c(dy — ch)_ .
_ 20w —x) 2(y2 —y) 2(z2 —2z) —2c(dy — cdrp) koo = —~
23 —x) 2(ys —vy) 2(23—2) —2c(d3 — cdr) ) i2
2(5174 — :1:') 2(y4 — y) 2(214 — Z) —26(d4 — ch) 032 — 1+

Sources:(Fili¢, 2021), (Fili¢, Grubisi¢, Filjar, 2018)
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« Satellite-based position determination ceased to be
product-oriented, and becomes a service

MOBILE UNIT SERVICE

/

GNSS
pseudorange
measurement

d

\software-defin

\ closely integrated

L] _— —_— —_— ﬁ _— —_— —_— _— _— _— —_— _—

Source:(Filjar, Damas, lliev, 2021), (Fili¢, Filjar, 2018, boook)
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* Substance of presentation (1)

« State-of-the-art

* Positioning environment conditions as the cause of GNSS
positioning performance degradation at various scales of
iIntensity, occurrence, and duration — traditionally mitigated with
costly augmentation infrastructures, and global and generalised
correction models

 Traditional approach assumes equivalence between GNSS
receiver and GNSS positioning process

* GNSS operators cannot control the positioning environment, but
requested to provide guarantees of PNT service quality

* Software-defined radio deployment renders GNSS positioning
process transparent, in computationally capable technology

environment
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Substance of presentation (11)

nvironment-adaptive GN nositioning process is

proposed

GNSS positioning process rendered distributed, and considered
independent from GNSS receiver architecture, with GNSS position
estimation associated to GNSS application

Immediate real-time positioning environment conditions awareness
achieved through sensor information fusion (third-party data, or direct
measurements at the positioning spot)

Statistical learning on GNSS positioning environment conditions data —
detection, identification, modelling, correction, learning from direct
experience — adaptiveness to the actual environmental conditions

Position estimation process associated to GNSS application, not GNSS
receiver — fitting the process design with GNSS application needs, this
revealing GNSS operators from GNSS augmentations, corrections, and
PNT guarantees provision
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* Resources (GNSS operators)

« GPS. (2020). Global Positioning System Standard Positioning Service
Performance Standard (5" ed). Government of the USA, Department of
Defense. Washington, DC. Available at:
https://www.gps.gov/technical/ps/2020-SPS-performance-standard.pdf

* GLONASS. (2020). GLOBAL NAVIGATION SATELLITE SYSTEM GLONASS
Open Service Performance Standard (GLONASS OS PS), with Appendices A,
B, and C. Information and Analysis Center for Positioning, navigation and
Timing (IAC PNT), State Space Corporation Roscosmos. Korolev, Russia.
Available: https://www.glonass-iac.ru/en/GLONASS/documents.php

* Beidou. (2019). BeiDou Navigation Satellite System Signal In Space Interface
Control Document Open Service Signal B1l (Version 3.0). China Satellite
Navigation Office. Beijing, China. Avalilable at:
http://www.beidou.gov.cn/xt/gfxz/201902/P020190227593621142475.pdf

 Galileo. (2021). European GNSS (Galielo Open Service Signal-in-Space
Interace Control Document. European Union. Available at: https://www.gsc-
europa.eu/sites/default/files/sites/all/files/Galileo_OS SIS ICD_v2.0.pdf
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infrastructure.  Royal Academy of Engineering. London, UK. Available at:
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