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Objectives
» Gathering GNSS loT data from GNSS stations and smartphones through Android App by defining

a common json telemetry model to extend acquisition from other devices

» Design and implementation of a Big Data SW infrastructure to enable real-time and batch

processing of GNSS data

» Cleaning, filtering, synchronization and grouping of the acquired loT GNSS data

» Storage the loT GNSS data into a dedicated data lake

» Design and implementation of ML pipelines functions to process data for spatial prediction and
forecasting

» Implementation of two GNSS science use cases to predict ionosphere and troposphere
characteristics

» Test through experimental campaigns and performances evaluation of the implemented

13/12/2052(3Iut|0ns C NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
Fusion - ESA Contract No. 4000133552/20/NL/MP
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Implemented Use Cases

NAVISP-EL1-038- Application of Machine
Learning Technology for GNSS loT Data Fusion
ESA Contract No. 4000133552/20/NL/MP

13/12/2022 Co\ NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
Fusion - ESA Contract No. 4000133552/20/NL/MP



7\ POLITECNICO N — o —
J]@if"éﬁ' MILANO 1863 ENTELLIG=ENTIA

CAMALIOT Use Case #1
Troposphere Characterisation

NAVISP-EL1-038- Application of Machine
Learning Technology for GNSS loT Data Fusion
ESA Contract No. 4000133552/20/NL/MP
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Use Case 1 — Troposphere Characterization
Introduction

e The Use Case 1 aims at the characterization of the troposphere.
e In particular, the main objective is to investigate the use of ML techniques for the spatial and
temporal determination of the Zenith Tropospheric Delay.
e The local behaviour of the troposphere imposes to restrict the analysis starting from small regions
and extend the approach at a larger scale after the validation of the technique.
e The regions chosen for the local analysis have been selected according to the number of GNSS
stations and station density.
e The two areas are:
1) Los Angeles for the American side
2) Westerbrok (The Netherlands) for the European side
e A mathematical model depending on the local weather parameters has been implemented to

help the ML prediction of the zenith tropospheric delay.
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Data Source description

e The analysis of troposphere and the dataset preparation for the use case ML model design involves
data coming from the following three data sources:

1) SINEX from GNSS stations belonging to the International GNSS Service (IGS) and to the Nevada

Geodetic Laboratory
2) Digital Elevation Model from Copernicus’s Space Component Data Access infrastructure

3) Weather data from Meteoblue service provider

e Data covering the period from 1997 up to 2021 were processed for the source Nevada.

e For the source IGS the time interval is from 2009 up to 2021.

e For both selected locations, based on the covered areas, the GeoTIFF image of the related Digital
Elevation Model have been downloaded to extract longitude, latitude and elevation.

e The Copernicus DEM dataset adopted has spatial resolution of 90m.
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Processing Pipeline

5-Minutes 1-Hour ML Model

Smoothing Windowing

Filtering Evaluation

* 5-minutes smoothing: in this initial step we grouped data points over areas of 0.5x0.5 and smoothed them
5-minutes time windows

* 1-hour windowing: the 5-minutes windows contained very few points thus we averaged the data points for
all the active stations over a one-hour window.

* Filtering: several time frames contained very few data points from the stations thus we selected only time
frames containing measurements from at least 50% of the stations

* Next, we applied several models over the data. The objective was to compute the tropospheric
measurements over the entire area using the sparse data available from the stations.

*  We applied both 10-fold cross validation and leave-one-out evaluation.

* Performance was measured both in terms of mean absolute error (MAE) and mean absolute percentage
error (MAPE).

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
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ML Models Evaluation — ZTD spatial prediction
(1% Sprint)

Model Mean MAPE Std MAPE Mean MAE Std MAE Model Mean MAPE Std MAPE Mean MAE Std MAE
knn3u 1.8% 0.000 39.25 0.000 knn3u 0.1% 0.000 1.85 0.000
knn3d 1.7% 0.000 38.07 0.000 knn3d 0.1% 0.000 1.92 0.000
knn5u 1.7% 0.000 37.83 0.000 knn5u 0.1% 0.000 2.45 0.000
knn5d 1.6% 0.000 35.21 0.000 knn5d 0.1% 0.000 2.04 0.000
knn10u 1.9% 0.000 40.20 0.000 knn10u 0.1% 0.000 2.48 0.000
knn10d 1.6% 0.000 33.75 0.000 knn10d 0.1% 0.000 1.88 0.000
knn15u 1.9% 0.000 41.43 0.000 knn15u 0.1% 0.000 2.70 0.000
knn15d 1.5% 0.000 32.12 0.000 knn15d 0.1% 0.000 1.97 0.000
knn20u 2.1% 0.000 45.71 0.000 knn20u 0.1% 0.000 3.00 0.000
knn20d 1.5% 0.000 32.66 0.000 knn20d 0.1% 0.000 2.01 0.000
knn25u 2.4% 0.000 50.94 0.000 knn25u 0.1% 0.000 3.19 0.000
knn25d 1.6% 0.000 35.32 0.000 knn25d 0.1% 0.000 2.09 0.000
knn30u 2.5% 0.000 53.56 0.000 knn30u 0.1% 0.000 3.50 0.000
knn30d 1.7% 0.000 37.49 0.000 knn30d 0.1% 0.000 2.21 0.000
rf100 1.5% 0.000 32.27 0.000 rf100 0.1% 0.000 1.98 0.000
rf250 1.4% 0.000 31.36 0.000 rf250 0.1% 0.000 2.04 0.000
rf500 1.4% 0.000 32.08 0.000 rf500 0.1% 0.000 2.00 0.000
SVR 3.7% 0.000 79.57 0.000 svr 0.2% 0.000 4.50 0.000
California Netherlands

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
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Troposphere Characterization - ZTD spatial prediction maps
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Troposphere Characterization - ZWD temporal prediction
(2" Sprint)

The final dataset created for ML analysis is structured as follows:
1. ZWD to be target
2. Epoch
3. Meteorological data for that epoch at the target point
4. ZWD measurements provided by the 5 closest stations in a time window equal to 6 hour
before the target epoch sampled every 15 minutes
 The meteorological data will be used to check if correlations between ZWD and variables like
temperature, pressure, relative humidity, wind speed can be found. ~
* The result of the analysis will be a model to predict the value of the ZWD.
e The ZHD can be computed using the Saastamoinen formulation knowing the geographical
coordinates and the local pressure.
* The final ZTD is the sum of the modelled ZHD and the predicted ZWD coming from the
machine learning analysis.

ZTD = ZWDML + ZHDmodelled

13
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Zenit Wet Delay - Temporal Prediction

Random Forests
oob_score=0.98884
r2=0.98884
mape=0.03679

 The prediction task is based both on
 The surrounding information (the
nearest ZWD values available)
 The time window (only data points from

the last 24 hours are considered)
«  We compute the average ZWD values of
surrounding past measure weighted on the

LibGBM
r2=0.99422
mape=0.02891

. . . Longitude
distance and the time difference Latitude
* We evaluated Orthometric Height GNSS m
Pressure GNSS hPa.

 Random forests (using 100 trees)
* Light Gradient Boosting Machines (using 100
trees)
* We considered
e Data containing the surrounding ZWD
measures
* Data containing meteo information

Pressure Meteo hPa

Air Temperature C

Wind Speed km/h

Wind Direction deg

Rain mm/m?2

Snow Fraction cmm/m?2
Relative Humidity %
dt_weighted zwd
distance_weighted zwd.
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Feature Ranking Random Forest

0.00259
0.00316
0.00334
0.00260

0.00774
0.00484
0.00564

0.00323

0.00021

0.00001

0.00188
0.95972

0.00503
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CAMALIOT Use Case #2
lonosphere Characterisation

NAVISP-EL1-038- Application of Machine
Learning Technology for GNSS loT Data Fusion
ESA Contract No. 4000133552/20/NL/MP
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Use Case 2 — lonosphere Characterization Introduction

* The Use Case 2 aims to use data from IOT sources (smartphones, IOT devices) and GNSS
geodetic stations
* The use case make use of machine learning technique to characterize the ionosphere.

e Ad-hoc routines for the estimation of the STEC values

Virtual Receiver

— \
Best M receiver selection lonosphere pierce points

for the same satellite

Receiver 1 Receiver M
1) Phase, Pseudorange, Doppler, Geometry 1) Phase, Pseudorange, Doppler, Geometry
free combination free combination
2) Gross outliers and cycle slips detection 2) Gross outliers and cycle slips detection

Receiver aggregation Ion 0s h ere "t h | n
1) Per each satellite one virtual geometry free is created, its p
value will be aligned to the best receiver in the set shell |aye r" model
2) A robust estimation of the mean is computed for the SNR

Receivers

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
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STEC Prediction - Data preprocessing

Smartphones / 10T Devices

Geometry-free
observables
Of nearby
receivers
aggregated
together

Code
pseudoranges

Device selection
Device signals
validation
Data filtering

DCB estimated by
using global
IONEX maps

Carrier phase
Doppler
SNR

Geodetic
Stations

DCB

Code Comparison

pseudoranges
Carrier phase

Geometry-free
observables

estimated by
using global
IONEX maps

Error
Performances
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STEC spatial prediction (15t Sprint)

To Improve the performance of the predictor a ML driven interpolation was set up.
The prediction will be based on some local parameters relevant for ionosphere:

* Unix time

* |PP longitude

e |PP latitude

e Sun elevation over the IPP

* Mapping function

e Azimuth of the signal over the IPP

In this way we aimed to make predictions sensitive to local conditions such as
day/night, high-latitude/low-latitude.

18
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Processing Pipeline

Cleaning and 5-minutes

1-hour windowing Model Evaluation

merging GNSS Data Smoothing

* Cleaning and merging of GNSS Data: we merged the data collected from around 360 stations,
eliminate anomalies and merged the data points in one database. We focus on the high-
density European region and kept only points on terrain positions (similar to what would
happen with phones).

* 5-minutes smoothing: we smoothed the data over a five minutes window over a 0.01x0.01
area.

* 1-hour windowing: we averaged the data points over a one-hour window.

* Next, we evaluated several models to compute VTEC values over the entire map by applying
10-fold cross validation and measured the mean absolute error (MAE).

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
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GNSS Geodetic Stations Data
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ML trained on GNSS Geodetic Stations - Results

RI{R
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Maps generated using a 15-Nearest Neighbor with a uniformly weighted distance.
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ML driven spatio temporal interpolation (2"9 Sprint)

To incorporate spatio-temporal

interpolation into the algorithm for ‘o‘
the nearest 30 points, the following R4

input were used: ’

 VTEC

e difference in time
e distance of the IPPs
e distance of the IPPs squared

» difference of the mapping /

Top View Side View

functions
e difference of the azimuths

13/12/2022 Co NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
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VTEC Spatio-Temporal Prediction

The prediction of VTEC value in a given location 24 hours from now (t+24h) is based on

information at current time (t) at the same position and additional information regarding
30 measures collected over the last 24 hours (from t-24h until t)

* Each data point is represented by,

* The position of the vtec value to predict, its latitude and longitude, sun elevation
piercing point, the azimuth piercing point, and the mapping function

* For each one of the 30 nearest VTEC measures available, the data point contains the
measured vtec value, the time difference between the target value and the
measured vtec, the distance between the target and the measured value, the
squared distance, the mapping function difference, and the azimuth difference

 We evaluated several methods, including

* Linear regression to compare with the previous results
 Random forests also for comparing with the previous results
e Light Gradient Boosting Machines

13/12/2022 Co\ NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data 53
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ML Processing Results

ML Performances Feature Ranking Random Forests

Mewos | B2 | Memswreimr
random forests (100/0.001%) 0.837 1.686

random forests (100/0.0001%) [E:T5] 1.435 _ 0.02728
light GBM (100/100) 0.868 1.361 0.00007
light GBM (1000/200) 0.890 1132 000021
light GBM (4000/400) 0.903 1.002 0.00000
13/12/2022 NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data 24
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CAMALIOT Platform

NAVISP-EL1-038- Application of Machine
Learning Technology for GNSS loT Data Fusion
ESA Contract No. 4000133552/20/NL/MP
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CAMALIOT Android App

29

GNSS Satellites Statistics

Other Telemetries

&  Heme MOtIoN scceberometer 87
GNSS 0K, motion gyroscope-uncalibrated 87
th  GNSS Satelines Statistics wavtmg fOI’ data posithon: magnetometer-uncalibrated 82
posibion. magnetometer 84
W GNSS Fregquency Suatistics positon: onentation 89
motion accelerometer uncal®rated 83
th  Other Telemetries MONION gyroscope 88
SNVIONMEnt. pressure 74
0 Settings
O we =
Buffer utilization
i Galileo valid pseudoranges 0
Pending messages 3 Gps valid pseudoranges 0
Telemetries collected 10 Glonass valid pseudoranges 0
Telemetries sent in 4 Beidou valid pseudoranges 0
the last message
Menu Home GNSS Satellites Other device
Statistics sensors
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Data Acquisition

* Collect sensor data and send to the ingestion layer through Json-based telemetry

* Telemetries types:
* Raw GNSS Measurement

GNSS Antenna Info | SensorEvent |

A
* Motion
* Accelerometer 2. Receive a
measuremen
* Gyroscope t from the
* Position HW:nd
create an
* Magnetometer event
* Geomagnetic rotation vector '| SensorManager }

* Orientation
* Environment
* Ambient temperature 1 Subscribe a
* Ambient pressure sensor event
* Ambient relative humidity
Execute a foreground service
zero-intelligence at the edge

Send data in buckets —I SensorEventListener |<—

Telemetry data model:
* receiver_id - device unique identification (UID) that generates the telemetry
* receiver_location - the latitude and the longitude where the telemetry is collected
* type - enumeration to classify sources and data type
* header - set of additional fields that can be used to enrich sample metadata
* payload - (JSON) the telemetry informational content (data read at device level)
* receiver_timestamp - recorded by the device when the telemetry is collected

13/12/2022

Camaliot

3. Send the
sensor event
to the
listeners

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
Fusion - ESA Contract No. 4000133552/20/NL/MP
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S
Z

Coordinate system (relative to a device) that's used by the Sensor API
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' CAMALIOT GUI
CAMALIOT API

Business Logic Layer
(CAMALIOT Services + GUI back-end)

Kafka Cluster

Processing Logic
(Spark + Spark Stream)

Integration Layer
(Service Mix +Apache Camel or equivalent)

Connector

Data storage

EHNT=ELLIGENTIA

BigData Platform Architecture

Android
App

send telemetry 1

Gateway

send telemetry l

(Cassandra) ) ""
Ingestion -
Layer
O maliotlf_____ . User Layer publish telemetry
:
Q) O (@) Kafka ~ N Processinglogic
: i o Cluster Pipeline
[ineesin [wsconme [Grernsgemen | 5
- _ read telemetry
Master Dataset
| Processinglogic_UseCase2RealTimepipetine | service
store telemetry
Service Layer 1
1
o Tsen] Cassandra
Infrastructure -
v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data )8
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ML Processing Pipeline of Smartphones real-time data

* Management in Spark Structured Streaming processing engine
* treat a live data stream as a table that is being continuously appended
e Built-in data sources such as Kafka
* Inputin batches of data in sliding windows
* Pipeline execution is related to operation:
* Filtering and grouping on batch of received telemetries
* Transformation of data in specific file format
* Integration of procedure to create features (TecRetrieve, Mathematical models)
* Integration of ML model
* OQutput sent to Cassandra by means of MasterDataset passing from Kafka topic
* Configuration of the overall Spark pipeline in config file
* Deploy in Kubernetes by means of Spark application Docker image

Sparil

Streaming

-#E—:-:—:-:—:l

I e ) | Spark

Master Dataset ]
& ui Engine I»-“ Service » cassandra
nh ST
kafka B B EEEE B BN Pipelne
Sliding nh execution %
WYWE § B EEnE B N
Windowing I : . - : . kafka
min 3 2% tx ot
v NAVISP-EL1-038- Applicati f Machine L ing Technol f NSS loT D
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ML Processing Pipeline of Smartphone real-time data

* The batches of data arriving from loT sources streamed by of Kafka topic, pass through Three

Stages of elaboration (transformation, filtering, grouping, ML model) and produce results that are
republished on Kafka as telemetries.

* The master dataset service stores on Cassandra and make the results available for the
visualization into the CAMALIOT GUI

Stream of telemetries from Kafka topic

»

t

Telemetries Management Configuration
on UC2:

» Type = camaliot-gnss-raw

*  Type exclude header = antenna_info
*  Group_on = receiver-id

Last received n-
hours telemetries
ordered by
receiver timestamp

Second stage

b

[} <= 11T <.

Rinex for
Selected / frTUP T_ - i Rece-!iver{ a GoGPS dedic_ated procedure:
grouped - . elemetries Feature Estimation + VTECRetrieve
telemetries Y
, l
First stage
i Preparation -
el np Rl ) RERCC ) (=)
Eng Average)
Spatial Prediction
Third stage
v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
13/12/2022 PP g &y
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Show collected telemetries:

* Data are shown in a table that has as

O s many columns as telemetry properties
e - ) — : * Data are browsed by date, time and

' - type

v  If gnss data are available for the date,

Lo oemem e m e an export using GNSS logger format is

possible

Show use case 2 forecast:

* The forecast is shown for a selected date, if available

* Go through the timeline automatically

e ltis possible to stop along the timeline to look at a
specific forecast

P
I Latitude “  Longitede VTEC
3 ' 189294253
B 2250 i

v NAVISP-EL1-038- Application of Machine Lea
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Data collection campaign

Carried out at GReD's premises in Lomazzo (near Como, ltaly):
* possibility to easily access the building rooftop
* co-localization of GReD's geodetic GNSS station (Trimble BD930 receiver)

Duration: 4h 30min (10:45 — 15:15 UTC)

Bellagio

|

.31 Google Earth
5 L} &

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
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Data collection campaign

Number of participating students: 4

Number of measuring devices: 5 (6 from 12:30 UTC)

Cardboard used as sun shield

Some devices kept horizontal, some vertical
e "":qi

N AR i H
v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data

4
Fusion - ESA Contract No. 4000133552/20/NL/MP 3

13/12/2022

Camaliot



& POLITECNICO -_—= =N"T
‘J I ANO 1863 EHNT=ELLIGE=ENTIA ReD

RI{R

Real-time TEC from CAMALIOT Platform

Forecast Forecast

15:02 15:12 15:02 15:12
[ ] L

25.00 25.00

22.50 22.50

» 20.00 » 20.00
23 Toas
17.50 = 17.50
Scorciaice da tasters | Dati mappa £2022 GeoBasis-DE/BKG (£2009), Google, Inst. Geoge. Nacioral | Termir: & condzicni duse 15.00 S ieitie datastiera | Dafl cuareid 2077 CecRatisDE/RKE (C2009) Copgles 1ast [aese Welorast: |- ol & icioal dixe 15.00

O\ NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
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lonosphere - Real-time TEC from CAMALIOT Platform

Comparison against CODE Final:

TEC Estimated by Camaliot TEC CODE final TEC difference
@ 28 July 2022 14:00 UTC

@ 28 July 2022 14-15 UTC

50 25
49 24
a8 23
47 22
a6 21

20
a4 19
a3 18
a2 17
41 16
05 10 15 B

TEC Estimated by Camaliot TEC CODE final TEC difference
@ 28 July 2022 14-15 UTC @ 28 July 2022 15:00 UTC Camaliot-CODE o —

50 25
a9 24
a8 23
a7 22
a6 21
as 20
aa 19
a3 18
42 17
a1 16
05 10 15 B

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
Fusion - ESA Contract No. 4000133552/20/NL/MP
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Latitude [deg]

5 10 15

Latitude [deg]

Longitude [deg]
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WA

Tropospheric delay estimation

Estimated using single- .+ v v v 4 ., ., EstimatedZenith Wet Delay (ZWD)

50 -
frequency observations,
. . . . 45 - -
interpolating the ionospheric
delay from GRTR and GRMJ 407 I
35 - -
e GRTR
Marker Device — 30 - | e—p— GRM)
5 XMI8
GRTR GReD's Trimble BD930 B % | ——@—same
= 20 - i e S AMF
GRMJ  GReD's Magellan (MSJ) N —E___ﬁer — o
15 | | == ONPL
XMI8 Xiaomi Ml 8 Pro
10 | -
SAMB Samsung SM-A326B 5 i
SAMF Samsung SM-M315F 0- L
ONP8 o PI DE2118 T T T T T T T T T T T T T T T T T T T T T T T T T T T
nerius 10 -;‘\- 0‘9{‘_ '\.1,‘_ 1%_ 1%_ a0 ,‘_a 1_001_'\.11_ 'L?ﬂ_ 3’?\’1 n?ﬂ_ 1 o0 1'{5 1’?\’3 1?;5 A0 6 a0 ‘\.‘1 11&‘3?;&*1&‘;’1‘:‘“169'0
ONP1 OnePlus IN2011 1 I I 1 I 1 I I 1 I 1 ! I & ! 1 ! 1 1 ! 1 ! 1 ! ! 1 !
Lol
b
#
0 0 0 40 0 0 20 a0 0 0 20 a0 a0 &0 Q
10;;1,\_00{\_11,\_11,\_111 mﬂ_e 0011111111311 mﬂ. e a0 11,51{51{5& f: a° 11311&39& <: 0‘3 A
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Integration of CAMALIOT Use Cases in GSSC portal

Datalabs:
= Camaliot Troposphere Modelling
= Camaliot lonosphere Prediction

+ THE EUROPEAN SPACE AGENCY c“'esa

ESA GNSS Science Support Centre | GSSC Now TETY EXPLORER DATASETS DATALABS FILTERS WORKSPACE RGRIECO &

A Running

There are no datalabs running

@ Featured

A A
# GWILDx
Camaliot Camaliot =
Camaliot Troposphere Camaliot lonosphere GMLD - TEC Map
Modelling | O] Prediction | JNO] gLAB | O] Prediction | O]

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
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Integration of CAMALIOT Use Cases in GSSC portal

Use Case 1 — Troposphere characterization

Camaliot Troposphere Modeling: Datalab based on JupyterLab that implements training/validation
of the CAMALIOT Troposphere spatio/temporal prediction models.
» The purpose is to preprocess troposphere data from stations and apply the training/evaluation
of different type of ML algorithms to obtain
= 1-hour forecasts of the ZWD values
= spatial predicted map of Troposphere on Netherlands and California zones.

Avatar: C

Camaliot

Datalab title: Camaliot Troposphere Modeling

Datalab short description: This JupyterLab allows the user to train and evaluate ML models for the spatio/temporal
prediction of troposphere in Netherlands and California zones. Starting from SINEX observations, it provides notebooks
for doing spatial prediction maps or the forecast of ZWD values one hour before.

Resource Type: Tropospheric Products

Resource Format: SINEX_TRO

Memory estimation for the Datalab: >16 GB

Number of cores needed for the Datalab: 4

Datasets to be made available at datalab's creation time: folder Troposphere on public area of ESA ftp server
Datalab dimension: ~ 13GB

13/12/2022 NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data

4
Fusion - ESA Contract No. 4000133552/20/NL/MP 0
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CAMALIOT Troposphere Modeling Datalab

~ Fle Edit View Run Kernel Tabs Settings

Help

- t ¢
% Spatial Prediction of troposphere on California and Netherland L= J s ——— :
specific zones — | Name . Last Modiied|S

v Experiment on historical data (SINEX from selected stations) R ———— el
of California and the Netherlands zones ® | 03 ComputeTropespherepredictonhizps-Calfornaipynt 5 days age

v Evaluate a list of different ML models and on the best - o
performing predict a dense map (cell size 0.01) on the base o | e
of prepared data -

e Target Value = 2320.895 +/- 127.436

s SpatioTemporal prediction of ZWD at time t+1h
v" Pipeline implementation starting from historical SINEX +
weather data of the Netherlands and California for the
modelling of the forecast of ZWD at t+1h based on t-6h
dataset
v Train and Evaluate the LigthGBM and RandomForest models

Latitude

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
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CAMALIOT Troposphere Modeling Datalab

Readme notebook with demo video

ESA GNSS Science Support Centre | GSSC Now ™!

EXPLORER DATASETS DATALABS FILTERS WORKSPACE RGRIECD &

: File Edit WView Run Kernel Tabs Settings Help - .
- ] + fs] [ Launcher * | [A README.ipynb L qn &
- + X B () » m C s Markdown ~ o Python 3 (ipykernel) O \J
‘ a *  @4-EvaluateModels.ipynb --» Evaluate Machine Learning Models
g a

o , 8

W / notebooks /

For further instruction please open each notebock and follow the instructions and comments inside.
Name - Last Modified

I SpatialPrediction

Example video for Spatial Prediction pipeline of Troposphere for Netherland and California zones
W SpatialPredictionMorma...

W SpsticTemporalPrediction # Run to display the example video
LICENSE
D from IPython.display import Video
* A READI b 11

Video( ' TroposPall

4', width-1824, height=576)

M READMEmd

[ TropoSPAlLmpd

[ TropoST.mp4 + THE CURDPEAN SPACE AGENCY o
ESK GNSS Soence Support Genire | 635C Now — v—

A& Running

@ Featured

> 0:00/21:52

\
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Integration of CAMALIOT Use Cases in GSSC portal

Use Case 2 — lonosphere characterization

Camaliot lonosphere Prediction: Datalab based on JupyterLab that deploy the CAMALIOT
lonosphere spatio/temporal prediction models.
» The purpose is to aggregate received GNSS data (from stations and loT devices) into virtual
receiver and apply the different type of trained ML algorithms to obtain
= 24-hours forecasts of the TEC values
= spatial predicted map of lonosphere on Europe.

\
Avatar: CO

Camaliot

Datalab title: Camaliot lonosphere Prediction

Datalab short description: This JupyterLab allows the user to run ML models for the spatio/temporal
prediction of ionosphere in Europe zone. Starting from RINEX observations, it provides notebooks for doing
spatial prediction maps or the forecast of TEC values one day before.

Resource Type: GNSS Observables

Resource Format: RINEX2, RINEX3

Memory estimation for the Datalab: 16 GB

Number of cores needed for the Datalab: 4

Datasets to be made available at datalab's creation time: folder lonosphere on public area of ESA ftp server
Actual Datalab dimension: ~ 15GB

13/12/2022 NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
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¢ Spatial Prediction of lonosphere on Europe map
v' Experiment using data from EPN stations on date
23/03/2020 or fusion of smartphones data of
CAMALIOT Campaign (7/3/2022) + EPN stations
v predict a dense map (cell size 0.01) on the base of
prepared data for windows

2022-07-03-00.00.00

/

s Temporal prediction of lonosphere at time t+24H

v' Experiment using data from EPN stations to forecast
lonosphere on date 23/03/2020

v’ Calculates forecast on trained LightGBM,
LinearRegression and RandomForest models and
return validation metrics values

5 10
Longitude

S S5 mtendjce

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data
Fusion - ESA Contract No. 4000133552/20/NL/MP
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Results and Conclusions
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Results and Conclusions

» The combination of loT, Big Data and Machine Learning technologies in the GNSS fields is ready to implement
new services and products for different applications fields

» Despite having been made accessible since 2016 on Google’s Android-equipped devices, raw GNSS data that
are actually usable for scientific purposes (i.e. with carrier phase, and on two frequencies) are still difficult to
access

» The feasibility of estimating ionospheric and tropospheric products starting from smartphone GNSS raw data
was demonstrated, albeit only with the Xiaomi Ml 8 Pro device

» The analysis related to the troposphere characterization underlined the importance of the use of
meteorological data together with classic mathematical models for the achievement of a useful model

» The two performed experimental smartphones acquisitions campaigns validated the Big Data platform
infrastructure and its modularity enabling the data gathering from a restricted set of devices and computing a

forecast that is comparable with the actual state of art

v NAVISP-EL1-038- Application of Machine Learning Technology for GNSS loT Data

4
Fusion - ESA Contract No. 4000133552/20/NL/MP 6
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Thank You
For Your Attention
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