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All models are wrong,

but some are useful.
G E P Box

Box, G E P. (1979). Robustness in the strategy of scientific model building (report).
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* Rationale and nature of statistical modelling

* A model of a phenomenon or a system is a main
outcome of every research. — description, or prediction

|deal world Real world
(Mathematics) (Statistics)
y=ax+b+e€
y=ax+b N
y=ax+b
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* Machine learning

A set of statistics-based methods for predictive or descriptive
model development based on observations (a sample of

population) of a statistical variable, or variables

« Original observations set split randomly into: training, and testing

sub-sets (Pareto principle, or other)
* Supervised, unsupervised, and reinforcement learning

* Scientific methodology (a common-sense methodology): problem
statement, data selection, statistical analysis of data (properties),
model structure and model development method definition
(hypothesis), model development, model performance
assessment — decision on the model to solve the problem in the

most efficient manner (optimisation, inference)
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Source:

° Un d erflttln q an d https://medium.com/almabetter/bias-variance-tradeoff-c8c2a0fb643e
overfitting | ‘ ‘ /\
e Statistics as a tool for B ® E__ . ¢ & =
detection, identification, and R wlleiiifing ot
extraction of hidden
knowledge in data
« Statistics as the means for
‘finding the signal in the _ restd =
s S est data
noise . E Y
«  Silver, N. (2015). The Signal and the & et Ml Ui
Noise: Why So ManyPredictions Fail — g
but Some Don’t. Penguin Books. New @ /
o
York, NY. Training data

Model complexity
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 Bias vs Variance — the need for a balance

* Bias as a representation of systematic error

* \Variance as a represe

Source:
https://medium.com/
almabetter/bias-variance-
tradeoff-c8c2a0fb643e
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* Model performance assessment - Goodness of fit

* Predicted vs observed target values of the testing sub-set
Predicted vs Observed (P-O)

diagram

Source: Fili¢, M, Filjar, R. (2018). ISBN 978-613-9-90118-0.

Predi

Pseudo R-square=0.9301

Statistical tests ~ )
Z (O i Ei)

Pearson x? test
i=1

2 _
X =

O; denotes observed count of bin /
Ei denotes en expected count of bin I, defined as:

E.

1

E=|F(Y,)-F(Y,)|N

Determined x? value is then examined for
conformance with x2 statistical distribution
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* Model performance assessment - Statistical distribution

of residuals

* residual = predicted value — observed value
(for the same set of predictors values)

A new statistical variable

Experimental probability density function

Box-plot diagram
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* Model performance assessment - Is my model good
(enough)?

Call:
Im{formula = yv ~ x2 + x3)

Residuals:
Min 10 Median 3Q Max
-4818.1 -2745.4 -639.2 2035.2 T487.4

Coefficients:
Estimate S5td. Error t wvalue Pri(=|t]|)
{Intercept) -7507.67 695.51 -10.795 = Z2e-16 *w#
xd 28.04 40.23 B.697 a.487
X3 223.70 32.73 6.835 7.2Te-10 #**=
Signif. codes: @ ****' @. Q@1 “**" @.81 “*" @.65 *." 0.1 * " 1

Residual standard error: 3243 on 97 degrees of freedom
Multiple R-squared: 0.9426, Adjusted R-squared: 0.9414
F-statistic: 796.4 on 2 and 97 DF, p-value: < Z.2e-16
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* Model performance assessment - Essential model
performance indicators

* P-Odiagram

* RMSE

* adR2

» statistical significance of predictors

* comparison with bechmark/reference model preformance in the
same scenario/case study
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Case study of GNSS ionospheric delay correction
model performance assessment

* Self-adaptive environment-aware Software-Defined Radio (SDR)
GNSS position estimation algorithm

* Adaptive GNSS ionospheric delay correction model for short-
term rapidly developing geomagnetic storm in sub-equatorial

region
TRUSTED THIRD-PARTY Reference:
REAL TIME SW/IONO STATISTICAL LEARNING Filjar, R. (2022). Statistical learning TEC
OBSERVATIONS predictive model for GNSS ionospheric delay
TEC PREDICTIVE MODEL GNSS APPLICATION mitigation in self-adaptive environment - aware
REQUESTING A SDR GNSS position estimation algorithm. The
REAL TIME SW/IONO AS A GNSS IONOSPHERIC LEVEL OF QoS United Nations/Azerbaijan Workshop on the
OBSERVATIONS > International Space Weather Initiative: The Sun,
IN VICINITY OF RECEIVER CORRECTION MODEL Space Weather and Geosphere. Baku,
Azerbaijan.
Available at:
https://www.unoosa.org/documents/pdf/psa/acti
noe lones mecmven] RAW GNSS PSEUDORANGE PNT ESTIMATION vities/2022/ISWI12022/s6_01.pdf
MEASUREMENTS — > BASED ON
RECEIVER | BROADBAND
BE BEMRIN boMaN | CORRECTION FOR CORRECTED GNSS
SW/IONO EFFECTS PSEUDORANGES
GNSS POSITION ESTIMATION PROCESS
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Case study reference:
Filjar, R, Weintrit, A, lliev, T, Mal€i¢, G, Juki¢, O, Sikirica, N. (2020). doi: https://doi.org/10.23919/FUSION45008.2020.9190264

* Case study of GNSS ionospheric delay correction
model performance assessment

* Positioning environment situation awareness — geomagnetic
field observation in the time and the place of positioning

* Self-adaptivness — S/M L-based TEC prediction model

ON-LINE ON-LINE TEC
(Bx, By, B2) PREDICTION MODEL

PSEUDO-
RANGES e o GNSS POSITION X Y2
NAVIGATION Pk DOINOE ESTIVATION Ax, Ay, Az,
CORRECTIONS v

MESSAGE
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* Case study of GNSS
lonospheric delay correction
model performance
assessment

« (Geomagnetic field observations
taken at the Intermagnet Kakadu

NT, Australia reference station u@ £z
o £

* GNSS pseudorange observatlons %§
taken at the [IGS Darwin, NT,
Australia reference station

.Ocﬁzl :’:_"_‘,95‘*""'3

* A short-term rapidly developing
geomagnetic storm, identified by its
Dst patterns
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" Data

" Time span:
" Day 109 -
Day 116 in 2017 ¢
" Source:
* IGS (Darwin, NT,
Australia)

* INTERMAGNET
(Kakadu, NT,
Australia)
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Case study of GNSS
lonospheric delay
correction model
performance assessment

field
candidate

Geomagnetic
observations-based
models:

LRM ... Linear Regression Model

MMLPNN Monotone  Multi-layer
Perceptron Neural Network Model

RFM ... Random Forest Model,

Klobuchar standard GPS Klobuchar

Model

Source:

Sanz Subirana, J, Juan Zornoza, ] M, Hernandez-Pajares, M.
(2013). GNSS Data Processing, Volume I: Fundamentals and
Algorithms. ESA. Noordwijk, The Netherlands. ISBN 978-92-
9221-886-7.

Available at:
https://gssc.esa.int/navipedia/GNSS_Book/ESA_GNSS-
Book_TM-23_Vol_I.pdf
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a,, B, = Klobuchar coefficients

]onSLANT = lon, m(elev) ¢ = Geomagnetic latitude

R, ’
m (elev) = [1 - [ R, +h cos (elev)j 1

-2 Where:

DC= 5ns
®= 14h (constant phase offset)
t = Local time
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« Case study of GNSS ionospheric delay correction
model performance assessment

* Machine learning-based methods for model development

LINEAR REGRESSION MONOTONE MULTI-LAYER RANDOM FOREST
(LR) PERCEPTRON NEURAL G&E
NETWORK
(MMLPNN)

L
P(x) =wy, + Z w, tanh -
- 3 . =
y - Bﬁ + Zl:l Bl xl (Wb,l +XH_  wi tanh(wb,hl+1zg=1 Whi xi))

X 2(x1 =Bx’ X2 =By’ x3=Bz) %=Zf=1wl'(1—912)'ZF=1Wz,n'(1—9§)'Wh,jZO
]

0, = tanh (w,,‘, + X wip tanh(wy p + Xioy wh xi))

0, = tanh(wy,, + X1, wh; x;)
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* Case study of GNSS ionospheric delay correction
model performance assessment

* Model performance assessment — g-q diagrams (conformity of
residuals to normal distribution)

L R MMLPNN RF

data data
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* Case study of GNSS ionospheric delay correction
model performance assessment

* Model performance assessment — bias
* Root Means Square Error (RMSE) RS plot

« LRM ... Linear Regression Model iy : Contol detaon 28 iy 2017
«  MMLPNN ... Monotone Multi-layer Perceptron i
Neural Network Model o
* RFM ... Random Forest Model,
*  Klobuchar ... standard GPS Klobuchar Model

MMLPNMN Klobuchar

RMSE [TECU]
4
L

3
L

Method



International Workshop on Machine Learning for Space Weather:
Fundamentals, Tools and Future Prospects

Buenos Aires, Argentina, 7th November, 2022 — 11th November, 2022
On performance assessment of machine learning-based GNSS ionospheric delay correction model
based on space weather predictors in immediate positioning environment (R Filjar, Croatia)

* Case study of GNSS ionospheric delay correction
model performance assessment

* Model performance assessment — variance

* Adjusted coefficient of determination

* adjR2 parameter — for objective :
comparison of described original 3

adj R2 plot

adj R2 [x 100%4]
0.6
1

04

I (ri—p)?

R4 =1
N -2

0.2

sy—1

adjR2 =1 — (1 — R?) - "

SN—DP LRM MMLPNN RFM Kiobuchar

Method
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Discussion

Essential practical methodology for a machine learning-, and
observations-based predictive model performance assessment is
outlined, for the purpose of GNSS-related ionospheric delay
correction model development

A case study of a machine learning self-adaptive positioning (i. e.
geomagnetic) environment-aware GNSS ionospheric delay
model development, and its performance assessment s
presented in the scenario of short-term raoidly developing
geomagnetic storm in sub-equatorial region

Future research: model development for classes of short-term
rapidly developing storms, battery of statistical tests to be
selected for usage in model performance assessment,
computational requirements to be defined in distributed
positioning environment
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