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A What is EGMS ?
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A The architecture of the national service
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A Demo

A Practical exercise : Hands on R script

A Quiz



Why do SGlI, National Land Survey & Norconsult work together ?

AE]fkt WaRtt RYOWRURG2T It Wase WS W2R0qRUNWAWLG RURG
A The government instructs SGI to work with other agencies

ANSWUW ¢cqRYUcOWxcecUI WE21 213! Wet6d I Wenaglll Wx ¢ Uaqbeaqldl
A SGI finds expertise from consulting firms like, among others, Norconsult Sverige AB

A For SGI monitoring ground stability & deformation is crucial
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What is INSAR ?

INSAR principles
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Copernicus, a treasure

SRS With Sentinell from the

' Copernicus Program,

2 data geometries are available :
ascending & descending

Ascending Orbit «

PSI (Persistent Scatterers
Interferometry) uses stable
radar targets that are
distinguished in all images !

With some limitations:

A Snow season

aw.“;- =

Hugeamountof data arevailable
over the same arehjgh acquisition
frequency (SentindlA, 612 days)
makinghe time seriesanalysis
possible

A Land cover limitations (i.e., vegetation, wetlands)



First test in Sweden : 2019

WGS84 57.5755 N 11.8269E -0.17 m

Powered by KSAT-GMS | About data..

Test area in Gothenburg, SGI, NGU & [RPO ASC & DEgeometries

LillaBlomen Gothenburg, [F
SGI, NGU & PPO Labs &




Promising research project in 202022

C o0

@ insar.rymdstyrelsen.se

» Background Layers
¥ Sentinel-1 deformation
» Ascending 1
» Ascending 2
» Descending 1
» Descending 2
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» Sentinel-1 deformation (2020)

X Legend

Legend across all datasets. Limits are in mm/year.
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‘\:// WGS84 61.5255 N 11.0079 E 577.85 m
Powered by InSAR Norway

==
238 km

INSAR Norway
(NGU, NORCE, NSA, NVE & PPO)Labs
https://insar.ngu.no

Improvement needs & limitations:

A Contractbound & timely limited

A Search database for locations

A Background maps

A Custom functionalities
AAJIt Rt qPUHIWY™NL
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(NGU, NORCE, NSA, NVE & PPO Labs)
https://insar.rymdstyrelsen.se

>> have led to Swedish EGMS proje


https://insar.rymdstyrelsen.se/
https://insar.ngu.no/
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European Ground Motion Service (EGMS), based on INSAR

A WebGIS visualization of EGMS products offering
opportunity to perform simple analysis

A An interface to search & download the products

A Annually updated (coveritige latest 5years period)

:::: o) 100%
@ el i
Lot | Medium (-20 to 20) v

A An essential element of the Copernicus Land Monitori (s
Service (CLMS) portfolio

A Produced using data collected by the Sentineldar
satellite mission

A Useful for many applications including Infrastructure
monitoringa LWWHT RT N3t AWl Yelt AWl ¢

[Source] [EGMS



https://www.copernicus.eu/en/events/events/online-european-ground-motion-service-copernicus
https://egms.land.copernicus.eu/
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A\ ~ 150 000 Sentindl images (~ 589"

Legend
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European Ground Motion Service (EGMS), based on INSAR

factors including:

mining effects
subsidence & uplift
landslides

coastal processes
qlUlHaqYURH! B
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However, not the elements, that change or
move quickly over time !

Clay-induced subsidence in Uppsala



Ongoing ground deformation in Kiruna
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% » Background Layers

¥ Sentinel-1 deformation
» Ascending 1

» Ascending 2

X
." | 1. Ascending 2: 0x1c8464a67af6b v

Dataset: Ascending 2 Incidence angle: 38.91°
Point ID: 0x1c8464a67af6b Track angle: -12.25°
Position: 67.842537 N 20.197159 E 521.94 m
Mean velocity: -84.41 mm/year
Coherence: 0.65
RMSE: 4.38 mm
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L OLines ®points ®Dense grid [Nocurvefitv| [-15t015 v | Generate SVG Fit‘\ View Data

Legend across all datasets. Limits are in mm/year.

[Hyperlink]



https://sweden.dev.insar.no/#llh=20.11174363,67.78460956,12872.90022734&look=-0.28378345,-0.74216967,-0.60716648&right=0.87208061,0.06350297,-0.48522446&up=-0.39867576,0.66719679,-0.62921069&layers=mapbox.satellite,SwedenAscending1,SwedenAscending2

E6 Landslide (September 23, 20

Radio Sweden All broadcasts Contact News archive

INSARbased products can serve as precursors,
allowing to prepare before the event happens !

Xok Wt ¢ 2131 W3 Wy Wk WE E u

E6 is an important link to Sweden's west and Norway, says Infrastructure Minister Andreas Carlsson. Credit:
Brunlof Windell/TT

INFRASTRUCTURE

Government to spend an extra SEK
1 billion repairing the E6 motorway

min (& My playlist # Share

Published fredag 5 april kl 12.08

[Hyperlink]


https://x.com/antonyaolarsson/status/1707263265577783658?s=20

Risk zone at EG hlghway hlghllghted by INSAR !
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» Sentinel-1 deformation

'. » Sentinel-1 deformation (2020)
bo

Legend

Legend across all datasets. Limits are in mm/year,
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Application of the
European Ground Motion
Service (EGMS) in Pre-Event

Landslide Deformation
Monitoring: A Case Study of the E6 Highway
at Stenungsund, Sweden

WGS84 58.0599 N 11.8826 E45.73 m
Lines points EdDense grid | Nocurvefitv| |-15t015 v Generate SVG Fit View Data Powered by InSAR Norway

[Hyperlink]

WRITTEN BY: Faramarz Nilfouroushan'<, Zahra Dabiri® and Mehdi Darvishi®

[Source]



https://insar.rymdstyrelsen.se/#llh=11.87722546,58.05880544,689.18877685&look=-0.10888453,-0.84859077,-0.51772373&right=0.97874739,-0.00047293,-0.20506906&up=-0.17377486,0.52904960,-0.83060750&layers=sweden-optical,NOSE2021-088A,NOSE2021-117A,NOSE2021-146A,NOSE2021-175A,NOSE2021-029A,NOSE2021-058A,NOSE2021-087A,NOSE2021-116A,NOSE2021-145A,NOSE2021-015A,NOSE2021-044A,NOSE2021-073A,NOSE2021-102A,NOSE2021-131A,NOSE2021-160A,NOSE2021-014A,NOSE2021-043A,NOSE2021-072A,NOSE2021-008D,NOSE2021-037D,NOSE2021-066D,NOSE2021-095D,NOSE2021-124D,NOSE2021-153D,NOSE2021-007D,NOSE2021-081D,NOSE2021-110D,NOSE2021-139D,NOSE2021-168D,NOSE2021-022D,NOSE2021-051D,NOSE2021-080D
https://kartografiska.se/wp-content/uploads/2024/12/KartoBildteknikWEBBnr2024_2.pdf

EGMS products

H opernicus
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» Background Layers
¥ BASIC (Level 2A)
» Ascending
» Descending
» CALIBRATED (Level 2B)
» DROM
» ORTHO (Level 3)

Luat | Medium (-20 to 20)

== | INSAR default
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» Background Layers

» BASIC (Level 2A)

w CALIBRATED (Level 2B)
» Ascending
» Descending

» DROM

» ORTHO (Level 3)
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-

Lt | Medium (-20 to 20)

== | InSAR default

BASIC (LEVEL 2A)
Displacement data along LOS
Relative measurements

[Hyperlink]

LOSuLine of Sight

CALIBRATED (LEVEL 2B)
Displacement data along LOS
Anchored to a GNSS reference frame

[Hyperlink]

Ascending

Ascending

Descending

Descending



https://egms.land.copernicus.eu/#llh=15.00364747,62.52314429,2044349.97797606&look=-0.11944496,-0.88719728,-0.44566118&right=0.99150887,-0.08334881,-0.09981551&up=-0.05141072,0.45379947,-0.88961957&layers=VHR%20Image%20Mosaic%202018_VHR%20Image%20Mosaic%202018-VHR_2018_WM:None,A02-075-L2A-U3-release,A03-002-L2A-U3-release,A04-104-L2A-U3-release,A07-060-L2A-U3-release,A08-162-L2A-U3-release,A09-089-L2A-U3-release,A10-016-L2A-U3-release,A11-118-L2A-U3-release,A12-045-L2A-U3-release,A13-147-L2A-U3-release,A14-074-L2A-U3-release,A15-001-L2A-U3-release,A16-103-L2A-U3-release,A17-030-L2A-U3-release,A18-132-L2A-U3-release,A19-059-L2A-U3-release,A20-161-L2A-U3-release,A21-088-L2A-U3-release,A22-015-L2A-U3-release,A23-117-L2A-U3-release,A24-044-L2A-U3-release,A25-146-L2A-U3-release,A26-073-L2A-U3-release,A27-175-L2A-U3-release,A28-102-L2A-U3-release,A29-029-L2A-U3-release,A30-131-L2A-U3-release,A31-058-L2A-U3-release,A32-160-L2A-U3-release,A33-087-L2A-U3-release,A34-014-L2A-U3-release,A35-116-L2A-U3-release,A36-043-L2A-U3-release,A37-145-L2A-U3-release,A38-072-L2A-U3-release,D03-155-L2A-U3-release,D04-082-L2A-U3-release,D05-009-L2A-U3-release,D06-111-L2A-U3-release,D10-169-L2A-U3-release,D11-096-L2A-U3-release,D12-023-L2A-U3-release,D13-125-L2A-U3-release,D14-052-L2A-U3-release,D15-154-L2A-U3-release,D16-081-L2A-U3-release,D17-008-L2A-U3-release,D18-110-L2A-U3-release,D19-037-L2A-U3-release,D20-139-L2A-U3-release,D21-066-L2A-U3-release,D22-168-L2A-U3-release,D23-095-L2A-U3-release,D24-022-L2A-U3-release,D25-124-L2A-U3-release,D26-051-L2A-U3-release,D27-153-L2A-U3-release,D28-080-L2A-U3-release,D29-007-L2A-U3-release,D30-109-L2A-U3-release,D31-036-L2A-U3-release,D32-138-L2A-U3-release,D33-065-L2A-U3-release,D34-167-L2A-U3-release,D35-094-L2A-U3-release
https://egms.land.copernicus.eu/#llh=15.00364747,62.52314429,2044349.97797606&look=-0.11944496,-0.88719728,-0.44566118&right=0.99150887,-0.08334881,-0.09981551&up=-0.05141072,0.45379947,-0.88961957&layers=VHR%20Image%20Mosaic%202018_VHR%20Image%20Mosaic%202018-VHR_2018_WM:None,A02-075-L2B-U3-release,A03-002-L2B-U3-release,A04-104-L2B-U3-release,A07-060-L2B-U3-release,A08-162-L2B-U3-release,A09-089-L2B-U3-release,A10-016-L2B-U3-release,A11-118-L2B-U3-release,A12-045-L2B-U3-release,A13-147-L2B-U3-release,A14-074-L2B-U3-release,A15-001-L2B-U3-release,A16-103-L2B-U3-release,A17-030-L2B-U3-release,A18-132-L2B-U3-release,A19-059-L2B-U3-release,A20-161-L2B-U3-release,A21-088-L2B-U3-release,A22-015-L2B-U3-release,A23-117-L2B-U3-release,A24-044-L2B-U3-release,A25-146-L2B-U3-release,A26-073-L2B-U3-release,A27-175-L2B-U3-release,A28-102-L2B-U3-release,A29-029-L2B-U3-release,A30-131-L2B-U3-release,A31-058-L2B-U3-release,A32-160-L2B-U3-release,A33-087-L2B-U3-release,A34-014-L2B-U3-release,A35-116-L2B-U3-release,A36-043-L2B-U3-release,A37-145-L2B-U3-release,A38-072-L2B-U3-release,D03-155-L2B-U3-release,D04-082-L2B-U3-release,D05-009-L2B-U3-release,D06-111-L2B-U3-release,D10-169-L2B-U3-release,D11-096-L2B-U3-release,D12-023-L2B-U3-release,D13-125-L2B-U3-release,D14-052-L2B-U3-release,D15-154-L2B-U3-release,D16-081-L2B-U3-release,D17-008-L2B-U3-release,D18-110-L2B-U3-release,D19-037-L2B-U3-release,D20-139-L2B-U3-release,D21-066-L2B-U3-release,D22-168-L2B-U3-release,D23-095-L2B-U3-release,D24-022-L2B-U3-release,D25-124-L2B-U3-release,D26-051-L2B-U3-release,D27-153-L2B-U3-release,D28-080-L2B-U3-release,D29-007-L2B-U3-release,D30-109-L2B-U3-release,D31-036-L2B-U3-release,D32-138-L2B-U3-release,D33-065-L2B-U3-release,D34-167-L2B-U3-release,D35-094-L2B-U3-release
https://egms.land.copernicus.eu/#llh=15.00364747,62.52314429,2044349.97797606&look=-0.11944496,-0.88719728,-0.44566118&right=0.99150887,-0.08334881,-0.09981551&up=-0.05141072,0.45379947,-0.88961957&layers=VHR%20Image%20Mosaic%202018_VHR%20Image%20Mosaic%202018-VHR_2018_WM:None,EGMS-ORTHO-E-U3-release,EGMS-ORTHO-U-U3-release

EGMS limitations

A Discontinuous coveraggechnique relies on prexisting groundeatures that reflect radar signal
>> might not be measurements where one wants them to be !

A Measurement point positioningieterscale uncertainty on point precise location
>> due to radar geometry

A Spatial resolutioneach measurement point is captured at a 20 x 5 m ground cell

A Motion orientation: EGMS does not provide measurements inguarti orientation
>> due to the geometry of satellite acquisitions

A Delay in product: due to massive processing workload
>> a delay of 8-20 months between the date of the last and present processed SAR image

A Gaps in time series for some locations because of winter season

[Source]



https://land.copernicus.eu/en/technical-library

EGMS data need to be interpreted!

1. What is happening here ?

A SRR e N - Y. ""'-um )
2. What is the value of velocity saying to me ? | = [ AN Ll i W SR fmvﬁ_g.
23-095: 3QAQd5NS . A ’1,‘ ’i f:
Incndenceangle : '-"“ 2 : i

3. Why is one slope blue and the other one is orang é e

Note: Ascending and Descending LOS rates
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>> not always the same trend!

Different results for Kiruna mine, different color S =
different movements, EW motions + VertiCal | | e e




EGMS updates:-$ear sliding window with overlaps

Future updates policy. A 5Byear sliding window is used to select the data

202

Displacements can have different trends in different periods !
Linear or notlinear movements !?
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Swedish ground motion service based on EGMS (InSAR)

A 2024

April: SGprocurementbl the GGG ¢ UT G RUNWwbL WY N Wf UE AWEs T 13049 WH20211firsRédadsl 1 U ¢
from Sentinell) and release 202821

>> Contract won biorconsult Sverige AB
December: Firgbrototype in-house SGI

>> demo later by Norconsult Sverige AB

Capabilities: )
A 7¢HtNI YaUI WG¢c Gt Wbl ~Eb Wn!l DIWYNnWHAS YRADwIWE 2 HE Wet Wx ¢ Uqgl e

SGU soil map, LM GNSS corner reflectors, etc.
A Additional functionality compared to EGMS

FinancingTrafikverket(Swedish Transport AdministratioMNKA/SMHI(Government Network for Climate Adaptatior§@&i

' STATENS
GEOTEKNISKA
—— S

@i
0 TRAFIKVERKET




Swedish ground motion service based on EGMS (InSAR)

A 2025

February: Brief presentation at EUSPA workstiyropean Union Agency for the Space Program
Q3 AimMulti-user optimized public website
Autumn:

1. Analysis, screening/identification of areas with stability issues. Possibly Al & ML.
2. Release 20122023 loaded.

Reference group:

A Trafikverket (Swedish Transport Administration)

A Lantmateriet (Swedish mapping, cadastral and land registration authority)
A SGU (Swedish Geological Survey)

A Goteborg stad (City of Gothenburg, land management department)

Financing: SGF Rymdstyrelsen(Swedish National Space Agency)
STATENS

Future 2025 and onwards '
>> gperation and management®$l —— INSTITUT

GEOTEKNISKA Bl YOS s



Swedish EGMS: architecture

2 Linux servers:
>> Backend PostgreSQL database
>> Frontend Shiny R application

3 main steps:
1. Database setup & data migration
2. Development of frontend
3. Application scaling

Linux server
with PostgreSQL

2 with R


https://insar.sgi.se/

Database setup & data migration

Linux server

Large dataset with PostgreSQL

>> compressed size on disiB00 GB
Requires:

A Structured database schema
A Seamless multstep data download process

A Efficient data migration

Linux server
with PostgreSQL

C¢




Development of frontend

Linux server

Shiny R application with PostgreSQL

>> server.R
>> Ui.R
B

A Extended functionality
>> filtering, point graphics, trends

A m8thend! wlIl ¢ qc¢ WcUC T!
>> interactivity

O LG 1Fret B

A Background layers

2 with R


https://insar.sgi.se/

Application scaling

Shiny R is singliareaded Linux server
with PostgreSQL

>> scaling for multiple users is needed
>> |oad balancing
>> gptimization

Work in progress

>> different strategies are being
evaluated to select the best approach

a

Linux server
with R

WE ARE HERE


https://insar.sgi.se/

Release 2015-2021 Release 2018-2022
Status

11 counties have been written to the databast

>> 10 counties left

*Numbers indicate total number of csv files covering the county
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insar_test/insaradm(@insaradm@kviprodbase

@ & @ @

> r2018 %> r2018 > r2018 > r2018

main geo obs supp
id integer id integer id integer id integer
1) spid character varying(20) npid integer =) npid integer s npid integer ——
npid integer i 1 latitude numeric | 1) obs_date date | [l acceleration numeric
rootname character varyi | ] longitude numeric | ] walue double precision | I acceleration_std numeric
ngl255) | |
height numeric ] 3"|'||_'|||TU:|E_3 Spersion nu
release text meric
height_wgs84 numeric | |
level text Il cluster_label numeric
incidence_angle numeric
@ line numeric
+ r2018 los_east numeric
pid_mapping los_north numeric
taoar l - = E
npid intege 1 ] O5_Uup numeric
1) spid character varying(20) | | 1 mean_velocity numeric

mean_Velooty_std numer

PE NUMETIC

 r2018 - + r2018

. | &l mumeric

display | calculated | PIoEY I e i

FMESE NUMmeric
id integer | id integer rmse numeri

M ] - | N seasonality numeric
npid integer = npid integer = - y
size double precision 7 slope double precision seasonality_std numeric
: temporal_coherence num

color text r2 double precision -

eric

adjr2 double precision

track_angle numeric
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