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1% program : RTKPOST-QT ver.2.4.3 Emlid b28

2% inp file : /media/renato/OPERATIONAL/m.19%0

3% inp file : /media/renato/OPERATIONAL/brdc1248.19n

4 % obs start 2819/85/84 14:19:58.9 G week2B851 569996.95)

5% obs end : 2819/85/84 14:29:57.8 GPS week2B8571 578597 .85)

[#]

7 % (lat/lon/height=WGS84/ellipsoidal,lQ=1:fix,2:float,3:sbas,4:dgps,5:single, 6:ppp,ns=# of satellites)

8% GPST latitude(deg) longitude(deg) height(m) 0 ns sdn(m) sde(m) sdu(m) sdne(m) sdeu(m) sdun(m) age(s) ratio
9 2819/85/84 14:58:81.338 46 .0898338951 16.888187152 222 .3947 5 6 4.1624 3.2423 7.1795 -1.7374 1.3117 3.3278 B.68a8 8.8
|8 2819/85/84 14:58:82.331 46 .898378794 16.888895625 235.1482 5 7 3.7684 3.1525 6.8997 -8.9591 2.7428 8.7698 B8.8a 8.8
|1 2619/85/84 14:58:63.688 46 .098385666 16.888885583 225.7448 5 7 3.1684 3.1526 6.8994 -B.9591 2.1431 B.7692 B.68a8 8.8
|12 286719/85/84 14:19:58.888 46 .898188897 16.888218217 216.2279 5 7 3.6115 2.68175 9.8128 B.91558 1.4743 3.9645 B8.8a 8.8
3 2819/85/84 14:19:59.6688 46 .0898254883 16.8868165517 231.6379 5 7 3.6111 2.6816 9.8119 B.9156 1.4755 3.9637 B.68a8 8.8
|4 28719/85/84 14:20:60.080 46 .898172663 16.888844227 194 .6382 5 7 3.6788 2.6817 9.8111 B.9157 1.4766 3.9629 B8.68a 8.8
|5 2619/85/84 14:28:61.66886 46 .898271173 16.8868116759 233.6381 5 7 3.6764 2.6817 9.8183 B.9158 1.4778 3.9627 6.688 6.8
|6 28619/85/84 14:20:684.8688 46 .898276858 16.888814978 245.2466 5 7 3.6693 2.68179 9.8679 8.9167 1.4812 3.9597 8.6a 8.8
|7 2619/865/84 14:28:685.688 A6 . 098288686 16.8868738685 235.6149 5 7 3.6689 2.66828 9.8671 8.9162 1.4824 3.9589 8.88 8.8
|8 2819/85/84 14:26:86.8688 46.8986329158 16.888898291 239.5478 5 7 3.6885 2.6821 9.8863 8.9163 1.4835 3.9581 a.688 a.8
|9 2819/85/84 14:208:68.888 46 .8982482171 16.888171843 2@81.7472 5 7 3.6878 2.6822 9.8847 B8.9165 1.4858 3.9565 B8.8a 8.8
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 |ntroduction and motivation

e ‘Data is merely a raw material of knowledge.’
. (New York Times)
e Science is hungry for data.

 Aggregation — a process for compilation of a data
set from different trusted data sources

 Consolidation — a process for assemblage of a
structured data set using the aggregated data

e Space weather (incl. ionospheric and geomagnetic)
data aggregation and consolidation for multi-
disciplinary research
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* Problem statement

e Data sets are mostly collected with best intentions,
resulting with unexpected consequences.




Challenges in space weather data aggregation and consolidation for
research — Renato Filjar, Zagreb, Croatia

 Problem statement: development of a forecasting
model of GNSS positioning performance
deterioration caused by space weather and
lonsopheric conditions .
| _ Space weather — GNSS positioning

[ \  performance coupling model

GNSS-BASED SPACE GEOMAGNETIC [ONOSPHENC }

APPLICATIONS:
' WEATHER
CONDITIONS
NAVIGATION CONDITIONS CONDITIONS

AND

F ﬁ:'-"":"ﬂI Y { ] [ b 3, b
meare RS J NON-
BEi SN [ GNSS PSEUDORANGE OBSERVATIONS (MEASUREMENTS) ]
.
[ GNSS POSITIONING PERFORMANCE ]
Mathematical
algorithms
P applied on . "
RE electrical Slil)é?]lglsseﬁl] Piirar el PRN signals | Pseudo-range . P(.JSItIO'n . Po§|t|0n
signal o o pseudoranges measurements estimation estimate
Radio- Base-band Navigation
frequency g processing ¥ processing Navigation
domain domain domain Message data
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Overview of

data sources

Issues: (1)
bespoke
scenario-
related data
access, (i)
systematic
provision of
data

Data sub-set Indices Source(s)
(originally measured
variables)
Solar activity data SSN, SFD NOAA
(https :/fwww.ngdc . noaa. gowv/
stp/spaceweather.html)
Geomagnetic condition data |Bx, By, Bz INTERMAGNET
(http/fwww.intermagnet.orgl
data-donnee/data-eng. php)
Kp, Ap. Dst NOAA
(https :/l'www.ngdc . noaa. gowv/
stp/spaceweather.html)
lonospheric condition data | fOEs, fOF2 NOAA
(https:/fwww.ngdc . noaa.gov/
stp/spaceweather.html))
TEC, dTEC derived from IGS RINEX

sSID

observations
(ftpc/fcddis.gsfc.nasa.gov/gn
ss/data/daily’)

Stanford University SID
database
(httpJ/sid.stanford.edu/datab
ase-browser/)

GNSS positioning
performance indices

GNSS northing, easting.
vertical positioning errors

Derived from stationary 1G5
RINEX observations
(ftpc/fcddis.gsfc.nasa.gov/gn
ss/data/daily’) or our won
observations taken at BaSka,
Krk Island, Croatia
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e Qverview of data content and formats

e Issues: (i) numerous formats, (iv) different
sampling rates, (v) various expressions of a time-

y # Slte = GIMPZ
stamp as sample’s ID 2 # Longttude = 45.33
3 # Latitude = 17.68
; 4 3%
| 3.e3 OBSERVATION DATA  M: Mixe RINEX VERSION / TYPE M
2 rinex ON NSL 28198511 281855 UTC PGM / RUN BY / DATE 5# UTC_Offset = -23
. R 6 # TimeZone = CET
5 rinex ON User OBSERVER / AGENCY T ¥
e e e e 2 # UTC_StartTine = 2015-63-17 00:00:60
8 XXXKXHXX VTR-LB9 ANT 1 psTese1aqel 8A0-812-811-868-087-005-003-005-006-085-605-007-067-006-007-006-008-0A8-6A7-006-064-085-003-003-0803-086
. SUREE LR DLl APP 5 DSTese10e2 980-001 00B-601 601 604 663 @03 @64 @64 047 ©05 004 094 PA3 003 002 0A6 G604 005 606 606 605 681-08a7 @63
= F=Ll Dl Dl ANT 5 psTese1003 600-007-007-005-605-004-603-002-062 001 662 B2 661 091-061 881 0G0 681 G4 684 004 604 004 683 BA3-068
O & EIE LIE B SE SYS 4 psTese1qe4 o968 @84 006 609 BES 0BG PE6 B84 B84 AO4 @4 G5 BO7 608 086 067 813 813 814 813 813 816 816 621 837 818
:jE j g]g t]g g]g g]g 2:2'3D8T8881085 986 @31 621 820 ©18 811 ©11 815 816 892-817-808-081-006-014-015-0628-017-612-686-013-816-025-025-014-063
BMc 2 cic Lic pic s16 6 DSTB881086 860-805-806-0889-815-018-816-818-822-823-829-826-0826-016-816-016-820-822-821-819-819-818-821-023-825-818
B o015 65 11 18 19 13.9998285 oS 71w 7 DST@8@1087 900-821-822-026-030-024-0826-828-827-824-022-023-022-020-825-822-820-819-817-016-817-818-819-020-817-82259 : 55
IE ' Enp & DSTB881008 8008-815-815-816-815-816-814-815-813-817-822-825-828-817-818-824-825-826-825-025-026-026-028-021-822-8208
o STEE GE O O 10 TE.CEIEEES O 5 DSTese1089 860-823-822-024-823-021-026-626-623-021-821-822-821-621-821-0208-818-815-817-819-028-018-818-018-0816-820
18 GB1 24194485.606 -218815.425 3347.816 20.291 |5 #DataMax=15868452.119
19 GB8 28885985.371 -185873.542 1512.176 19.812 s 2 3 -
’8 G18 28822259.658 75528.882 -1882.798 16.341 l - #dataquallt}f_a‘.ferage_‘.ﬂa . 1_8 . 144428
21 G11  23484184.637 -254866. 483 3621.784 25 537 |7 #dataquality_max_v8.1=4.197576
A armemmra amnn aan pan aen oo - .
23616 241433191 1 1861012515213337232327101613177 18 22 9 912 4 4 5 180.63---066.80 B
e ors oimeamia s 218818225152217 7 3 717182818 98 6 3 2 3 6 4 7 4 48.21---867.20 B e
6627 20477078.6 3 189183251523 @ 718 7318 3840 8 3 4 3 2 4 2 B 20.80---868.38 20 2815-83-17 80:00:10 3588448.86218
wRis 2037721 4 188194251524 7 818 6 7 31318 58 3 ©@ 4 @ 3 2 5 4 308.80---867.20 21 2915-83-17 BB:88:15 3684296.33563
5180185251525 71713 7 71318280 93 3 6 5 3 3 5 4 7 48.21---867.80 o mE e el
£18018625152613 B 7 @ 3 83338 5 8 3 B 2 B8 2 2 20.88---867.10 23 2815-83-17 80:88:25 3635992.88253
718818725152718 8 8 8 3 77338 4 8 B B8 2 3 3 2 208.80---867.60 S TE el S e el
51801882516 1 3 7231737382817153 2 3 9 622 15 7 6 90.52---868.08 B
0 18810892516 237232813268201717167 22 9 7 5 7 7 6 6 98.52---868.58 o e
18 1881182516 313171818 318 3 8 67 5 6 4 4 2 4 2 B 30.18---868.18 27 2815-83-17 80:88:45 3699385.97632
111861112516 4 318 8 3 783 733 2 4 B8 2 3 8 2 3 20.80---868.50 28 2815-83-17 B0:88:58 3746722.73534

20 2815-83-17 BB:868:55 37928590 ,49435



Challenges in space weather data aggregation and consolidation for
research — Renato Filjar, Zagreb, Croatia

e Qverview of data content and formats

e Utilisation of raw single- and dual-frequency GNSS
pseudoranges provided through Android Location
API (selected devices) — GSA Raw Measurement

Task Force

Reference: GSA GNSS Raw Measurements Task Force.
(2017). Using GNSS raw measurements on Android
devices (white paper). European GNSS Agency. Prague,
Nougal Czechia. Available at:
\i http//b|t|y/ZB|Q452 Tailored by trusted parties
' for targeted applications in —
e o, GNSS SDR receiver (within
—— a smartphone)

|

SATELLITE CLOCK
CORRECTION

POSITION
RAW PSEUDORANGES I—F CORRECTION = CSFUDORANGES ESTIMATION

IONOSPHERIC DELAY CORRECTED

PROCESS

TROPOSPHERIC
DELAY CORRECTION
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 Methodology proposal

e (I-a) Structured description of space weather data
applications to allow for systematic and seamless
data utilisation

* (I-b) Categorisation of space weather data
applications

e (i-c) Standardised terminology and onthology

e (i) common agreement on data access procedure
and methodology (incl. structures of web-addresses)
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 Methodology proposal

e (i) Set of dedicated data parsers have to be

developed

* R environment for statistical computing
e Selection of R libraries in support of data wrangling

(tidyr, tidyverse, dplyr, lubridate)

Console  Terminal

R versiom 3.6.9 (2019-84-26) -- "Planting of a Tree"
Copyright (C) 2015 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

Type 'license()' or 'licence()' for distribution details.
Natural language support but running in an English locale

R is a collaborative project with many contributors.

Type 'contributors()' for more information and

‘citation()" on how to cite R or R packages in publications.

Type 'demo()' for some demos, '"help()' for on-line help, or

'help.start()' for an HTML browser interface to help.
Type 'g()' to quit R.

R IS avallable aS an Open [Workspace loaded from ~/.RData]

> data <-read.csv('F:/f
source software at: https:// o
WWW.r-project.org/

Environment

i “* Import Dataset ~ ¥

R] Project: (None) ~

1 Global Environment =

Data
2 1s.model
om

X

¥

Files Plots

@l install | @ update

Name
User Library

abind
acepack

assertthat
backports

basefdenc
EH

checkmate
classint
cli

History Connections = ]
4 List -
List of 12
10 obs. of 1 variable
num [1:100, 1:10] -0.5605 -8.2302 1.558..
num [1:100, 1] -4.589 -15.82 -0.244 11.. ﬂ
Packages Help Viewer =

Description Version

-
Combine Multidimensional Arrays 1.4-5
ACE and AVAS for Selecting Multiple 1.4.1
Regression Transformations
Easy Pre and Post Assertions 0.2.1
Reimplementations of Functions 114
Introduced Since R-3.0.0
Tools for base64 encoding 0.1-3
Boost C++ Header Files 1.69.0-

1

Fast and Versatile Argument Checks  1.9.3
Choose Univariate Class Intervals 0.3-3
Helpers for Developing Command 1.1.0 <
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 Methodology proposal

e (iv) Varying sampling rates should be treated with
statistical methods, such as Moving Average
(smoothing, filtering) — R package smooth

-10 05 00 05 1.0

0 50 100 150 200 250 300

X
e (v) cross-discipline agreement on datum expression
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 Methodology demonstration

Space weather effects on Global Navigation Satellite System (GNSS)
positioning performance are well-understood. However, a numerical model
capable of forec nt of GNSS positioning performance
deterioration due to space v her, geomagnetic and ionospheric effects
remains a scientific challenge. This monograph addresses the challenge
through introduction of the space weather — GNSS positioning
perlormanre rouplmg murjpl and ut uf ,elerled machine learning

5 space
weather cond Based on the asspmblpd database of experimental
observations, several forecasting models were developed u machine
learning methods selected according to statistical properties of
observations. Models were compared and their p & from
both the modelling and romputdnondl persp nted results
contribute to the effort of generalised model d opment. The
monograph will benefit scientists in the fields of machine learning, space
weather and satel navigation, GNSS receiver designers, and a growing
population of interested GNSS users.

uoijepeibap ssNO uanup-iayieam aseds
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e Recommendations

1. International collaboration on cross-disciplinary
data format standardisation, considering
environments for data processing

2. Description and categorisation of scenarios of
space weather data utilisation

3. Capacity development in widely embraced and
utilised computational environments

4., Research facilitation in the segment of efficient
data preparation and data quality assessment



In appreciation of your kind attention!

Dr Renato Filjar, FRIN,

Professor of Electronics Engineering,
Zagreb University of Applied Sciences, and
Faculty of Engineering, University of Rijeka,

Croatia
E-mail: renato.filjar@gmail.com
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