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Company Overview GAF AG

More than 35 Years Geotechnology Solutions GAFAG

> 230 Employees (Multidisciplinary Scientists - Agriculture, Forestry, e GEOS (451 Telespazio ;ﬂz;y
Environment, Geology..)

> Munich (Headquarter) & Neustrelitz (MV)

Geoinformation: Solutions from Single Source

> Geodata:

Reception - Distribution - Processing

> Services & Products :

Geoinformation Products, Systems, Software & Integrated Satellite
Services

> Consulting Services in > 100 Countries
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Professional & Institutional Consulting, Project Management ,
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Objectives & Project Structure

Project partners Collaborators

SUMO4Rail aims at

» enhanced monitoring of railway infrastructure to detect ISL B am—
damages at an early stage to enable effective S
Shippin
Countermeasures ECO’E)‘?W??S # Deutsches Zentrum
. . . . . . and Logistics DLR fiir Luft- und Raumfahrt
» innovating the inspection process of railway infrastructure

> predictive detection of deformation risks or subsidence EBA e
damages at or in the vicinity of rail tracks Federal Rail duisport %

Authorit
> avoid or limit effects of failure LTIty

User Technical

Specification

Requirement
Specification

3

- =W 4= 1= il O I e B b= Il B 2= E = B m ¥l » THE EUROPEAN SPACE AGENCY



http://www.bgr.bund.de/EN
https://www.dlr.de/hr/en/
https://www.duisport.de/?lang=en

User Requirements

Workshop at EBA

*Who ?
- Professionals from different sectors of EBA, ISL, Deutsche Damage detection -How? ‘
Bahn (DB), Duisport and Geological Survey of Northrhine- Damage \Igvx;r

Westfalia (N RVV) classification «Which systems ?

Discussions *Who ?

Damage repair  -When?
*Which systems ?

* |s there experience with vertical and / or horizontal
displacement of the tracks?

 How are field inspections and maintenance tasks performed? User Need

« Damage recording by track marshals/traction vehicle drivers? Planing

Assistant
 How are changes documented?

 Availability of high precision sensors mounted on trains
(such as GBR, high precision GPS, laser ...)?

« Responsibilities for planning and execution of these tasks?

« How would a system have to look in order to generate value
in operational use? ,
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Quality index classes resultant from temporal
index and spatial noise

=14 & n i I -
) N AL mom s
I T 1; H|gh Pehabrlrt} r:rf ADA Bp¥e,
4 [] =y m 1 20 L
L “ Eij—” i ﬁ% 2: Reliable ADA - further TS analysis recommended %%. g
¥ u 4 u il "1 u
s ! 3: Reliable ADA - but TS that cannot be exploited - =
R Y . 4: Low Reiliability - better not to consider ADA e
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Use Case ‘Duisburg Hinterlands®

* Important Rail transport routes to the south and east, which
cross the traditional mining areas, are subject to tectonic,
seismic and anthropogenic influences.

» Port of Duisburg as terminal of the New Silk Road

« Assessing risks along rail tracks affecting the logistics chain

 Long-term monitoring of geological,
climatological and hydrological induced
deformations for route planning and life-
cycle management

« Rail tracks and highways cross mining
territory of the Ruhr Basin
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entinel 1 Aquisition
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PSI Processing

ASC_015_01_LOS

.S:AR
APS ehfmulin
Fagent » wrnsalabon |
'| 2. DESC 139 02 LOS
L. ASC_088_02_LOS _139_02_

% = LR i
e m

DESC 139 03_LOS

PSI-WAP PROCESSOR
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TL3B_ASCE_015_01_LOS ADA_40-2-2-10-30-3-4_PTS

TL3B_ASCE_015_02_LOS ADA_40_2 2 10_30_3 4 F

TL3B_ASCE_088_01_L0OS_ADA_40_2 2 10_30_3 4P
TL3B_ASCE_088_02_L0S_ADA_40_2_2_10_30_3 4P
TL3B_DESC_037_01_ADA_40-2-1.5-10-26-3-4_PTS

TL3B_DESC_139_02_LOS_ADA_40-2-2-10-30-3-4_PTS

® ® O O O @ ©

TL3B_DESC_139_03_LOS_ADA_40-2-2-10-30-3-4_PTS

Selection of relevant PS points with predefined thresholds of
mean deformation velocity, acceleration, temporal coherence,
vicinity, among others, for each one of the input PSI datasets.

=

@ TL3B_ASCE_015_01_LOS_ADA_40_2_2_10_30_3_4

& TL3B_ASCE 015 02_LOS ADA 40 2 2 10 30 3 4
L7 TL3B_ASCE 088_01_LOS ADA 40 2 2 10 30 3 4
L7 TL3B_ASCE_088_02_L0OS_ADA_40_2_2_10_30_3_4
& TL3B_DESC_037_01_ADA_40-2-2-10-30-3-4

& TL3B_DESC_139_02_LOS_ADA_40-2-2-10-30-3-4

. TL3B_DESC_139_03_LOS ADA_40-1-2-10-30-3-4

Calculation of ADA polygons based on the remaining PS points
applying enhanced buffer analysis.
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Merge of Active Deformation Areas

Ascending Mode ’1
Descending Mode & e
@
@

Merge of ADA from ASCE_015_01 and ASCE_015_02 (red) Desc 037_01

Merge of ADA from ASCE_088_01 and ASCE_088_02 (dark red) Merge of ADA from DESC_139 02 and ASCE_139 03 (Light blue)

Common ADA of both ascending orbits (green line) Common ADA of both ascending orbits (green line)
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-10 mm/a
-7.5 mm/a
-7.5to - 5 mm/a
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-2.5to 0 mm/a
0 to 2.5 mm/a
2.5to -5 mm/a
5to 7.5 mm/a
7.5 to 10 mm/a
10 to 15 mm/a
15 to 20 mm/a
20 to 30 mm/a

30 to 40 mm/a = e R PR

oy 2
Gladbach

> 40 mm/a N ., AN 2

L]
L]
[ ]
o
-]
o
o
o)
o)
o
o)
o
o
o
o
L]
L]
L]

Rl

—
- == 4 |1 e Bl ZE == > THE EUROPEAN SPACE AGENCY




Types of Ground deformation

Constant Uplift Discontinous Movements

20+

Flooding of inactive Mining Areas
Sealevel Ris

Movements related to events

Varsatz [wen]

Seasonal Movements
Continious Subsidence

Geological Reasons
Construction
Erosion

Rain fall, Frost
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Classification

Concept of ADA Union and attribute transfer

/ ADA \

. P ADA Attributes
[ ASCE 015_01 .
0 Ancillary
[ ASCE 015_02 ] L SUnion % Attributes
) + Geology
ASCE_088_01 .
[ )Y |:> *Dissolve |:> =) B NE] <:I . Tectonic
[ Asce_088_02 | G «Removal - Topography
[ DESC_037_01 ) O of Holes f - Flooding Risk
[DESC_139_02] N [
vLOS vertical
\[DESC_139_O ] S/ vLOS horizontal
13
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Hamm - Infrastructures

AD/( Classeg@ew ol S
%LOS

795936.599E,6745957.053  Coordinates 7.15002 Max Deformatlo’?ﬁaé\s
N Lon/Lat E,51.69941N stk J &
. 16D 20@15 A\ \‘/ s.ﬁ;\j;\a
Bridge ADA Quality 1 ADA - Low Relidbility f§ &
E ADA Reliable - further analysis 14&53?514 &f
Index [2] ADA reliable - TS unexploitable & 9""@ f '
. F Artificial Embankment P /\}
60 m Temporal Noise 1 [ ] sridge W) e
l:‘ Bridge, Fault structures \?\f? IR
|ndex lz‘ Deposit o : h
[ ] Geology - Fault structures 11749563 HHH .'."}'E
-10 mm/yr Mean -37 mm ! Hydrology ‘ 115173 i
Deformation E t:::::s* H@ff@u
::Z_ Landslip, Hydrology iy 314205 11@3
'98 mm/yl’ HOI‘IZOI’]tal —2_1 mm/yr & Subsidence
. * *| Subsidence, Landslip "
VelOCIty & Mot classified @Z p e a
1 Fakio o T
13.8° Slope max 40.5° ' v
LOS Mean Deform%@long& ADA P, 3}\\
yes Fault no \g@ W
g5 Lo
Infrastructure Experts Use Case 1 @ ‘_,{_ L.

- ; k _' / &
Operation Managers @ o :: 1
Life Cycle Management ;‘7 ] gt

& u ;
Marl: sandy, partly glauconitic, gray-green, and sand marl stone, gray, x“\/;) .
subordinate to sand-lime stone, gray, partly Fine sand, silty, ) 't 4 i s
calcareous. /_3ﬁ ®
5 - 10 mm/yr

Bridge - Ground Motion 5-10 mm in inactive mining areas, vertical and )= ZE g ;

. . . . . 20 = 30 mm/yr G e
horizontal displacement on rail track, highways and bridges nearby 30 - 50 mm/yr f% 2
. ti L 30-100mmiyr  ® & olr
inactive mining areas #4100 mm/yr @ (¥
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Garzweiler — Mining Activities

Maximal Displacement. Vertical Displacement E-W Displacement
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Garzweiler — coal mine

» Class: Landslide, Geology-Fault ) AN D gy S 1
structures Subsidence, Hydrology,
Artificial Embankment, Bridge
= Corridor: all S
= Small to medium uplifts N of the
coal mine and subsidence on
several points along rail track E of [t MR Rt e et ol R R el iR e
the mine. = S HERRR 0 VRS RS e P ey OGN ARy o o I
» Several maijor faults crossing the
track.
= Subsidences up to - 50mm/yr
u Slope 100 (mean), 380 (maX) ADA-LowReI\ab\Iity_
= Lithology: L8ss PN i S0
E:::z:hultnru(tures &” ‘\\‘\ ¥ ._ 5-10 mmf‘rr
- User: : 2::?0“ - Fault structures % : . 10-2ﬂ mmfw
= Bridge Monitoring Experts g 20-30 m
= |nfrastrucure Managers B e i s MR B i o el
= Route Planning Experts = vt L BN ~ GS NRW,2020
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Bochum - Langendreer

? ADA - Low Reliability

y \( Mot classified

Location NamUTM Bochum- ADA ID 396
€ Langendreer
Bridges
Coordinates 7.33227 Coordinates Lon/Lat | 7.33227E,51.47985N
E,51.47985 N
ADA Class Bridge ADA Quality Index 4 (bad)
ADA not reliable
Corridors 60 m Temporal Noise 3 (poor)
Index
LOS velocity -3.5 mm/yr Mean Deformation -13 mm
Vertical Velocity -1.16 mm/yr Horizontal Velocity -3.1
Slope mean 1.3° Slope max 8°
Mining area yes Fault no
Users Bridge Monitoring | Use Case 1
Experts
Infrastructure
Managers
Route Planning
Experts
Lithology Deposits in stream and river valleys: Silt, clayey, sandy, and

sand, silty, gravelly, gray to gray-brown, subordinate gravel,

sandy, stones, local peat

ADA Description

Signal not Reliable, but ground displacements in buildings

nearby track.

E ADA Reliable - further analysis
[Z] ADA reliable - TS unexploitable
ﬂ Artificial Embankment

l:‘ Bridge

|:| Eridge, Fault structures

lz‘ Deposit

|:| Geology - Fault structures

. Hydralogy

. Landslide

l:‘ Landslip

=Z: Landslip, Hydrology

& Subsidence
" 7| Subsidence, Landslip

7
r =
e e ’//
Sy :

E;t‘x
o

PS Id 40315410.0 vel.: 2.558976 Temp.Coh.: 0.646
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Validation Platform

ISL ISL Map-Service

C o @ & hitps;

b

3
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L
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® OpenStreetMap Mapnik
O OpenStreetMap Mapnik B&W

For the assessment of suitability the
two use cases "early warning system"
and "maintenance assistant" could be
applied.

Example: Duisburg nearby Kaiserberg.

+ Hintergrundbilder

- Basisdaten
AQI_DuisburgHinterlands

[ ADA_Total

- ADA

ASCE_015_01_LOS ADA
ASCE_015_02_LOS_ADA
ASCE_088_01_LOS_ADA

[] ASCE_088_02_LOS_ADA

[0 DESC_037_01_LOS_ADA

[J DESC_139_02_LOS_ADA

[J DESC_139_03_LOS_ADA

- Psi

] TL3B_ASCE_015_01_PSI_ADA
TL3B_ASCE_015_02_PSI_ADA
I TL3B_ASCE 088_01_PSI_ADA
[J TL3B_ASCE_088_02_PSI_ADA
[ TL3B_DESC_037_01_PSI_ADA
I TL3B_DESC_139_02_PSI_ADA J
I TL3B_DESC_139_03_PSI_ADA -~ --r e
+ LOS2ZHV

+ Topography

i

Bodendeponie

3
g
=
2

—_Ruhrdeich

+ Geology

- Tracks N 7, / 2
erthacker r%;,% - /,3

bridges_big_polyline
O bridges_small_point
betriebsstellen

[ Tracks_AOI-DUISBURG

; i ~ v\ Klarsehlammdeponie
M Tracks_Buffer30m_AQI-DUISBURG . /i ;::‘3‘ AL
[ Tracks_Buffer1000m_AOI-DUISBURG f: fra ‘{’"'“K-i"'-g”’\"”\“\ e o
L LTl
o

Y
i\

o i % = '
aan =65, ‘P’hm Leaflet | ® OpenStreetMap, | @ ISL

s

https://www.isl.org/geomap/maps/index. htmli#close
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Results esa

> Enhanced monitoring of railway infrastructure to detect damages at an early stage

> Predictive detection of deformation risks or subsidence damages at or in the vicinity of rail tracks

> Innovation potential mainly in infrastructure planning and identification of potential subsidence risks
> Suitable to avoid or limit effects of failure in case of identification of potential subsidence risks

> Practical application as a decision making support system for enhancement of infrastructure planning

as well as the identification of potential subsidence risks feasible
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GAFAG

1 1 1 1 1 1 |
an e-GEOS (ASI / Telespazio) Company

GAF AG — Arnulfstr. 199 - 80634 Munich -
Germany

@ info@gaf.de @ gaf.de g @GAF_Munich
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