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Digital Twin Development for Test Site:
Foundation for Innovative Cost-Effective Train
Positioning Alignment

Albert Lau and Hailun Yan



Introduction

«  Train positioning based on GNSS can be unreliable.
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« Particularly pronounced for regional railway due to valleys, tunnels and other geographical challenges.
«  Bad train positioning is not ideal for ERTMS, ECTS level 3.
« FP6 Task 3.4 and 8.5: Cost-effective fail-safe highly accurate train positioning on G1 lines

« Use of digital twin and image recognition to improve train position.
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Proposed Method
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Test Site at NTNU
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Data Collection
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Test Site Digital Twin
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Simulated Tunnel
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Simulated Valley
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Simulated Trackside Objects
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emantic Labelling

RDOG A-G-MPAROS A0 DBES Myfit. ~®RY % QOOO-@-U4S-Y 0FO -
File Home Survey GIS CAD  Drafting Point Clouds

() & @ & O Sreepout

8 Keepn

Surfaces Corridors Construction Data

& Restore

Register Georeference Create | Creste Addto & Restore All
Station | Region Region €3 Boundary Select & Merge Regions @ Filter Point Cloud

£ sample Region

& Sample by Intensity

Classify
Point Cloud

%, View Filter Manager = ® % |panv y Filter] X 3D View [My Filter] X
W0 seEasl
Y | My Fiter o

&, | <everything> ~
Buildings_refined =]
Default —
Dividers
Ground_refined
High Vegetation
Medium Vegetation
Noise
Poles_refined
Power Lines

Signs_refined

< &[RRI R[] R R

Steps
=] Raw Data

Baseline

PP Continuous
PP Stop and Go Vector

PP Vector

PP Vector Imported

RTK Vector

As-Staked Point

Azimuth

Offset

Point

Averaged Point Relationships
Measure-to-Surface Point
Leser Rangefinder

Leveling

Media Folder

Totel Station

Traverse

Scan Observation

= [4] Photogrammetry

Photo Station
Referenced Image (Station Vie

Referenced Image (Plan View)

< R KR

Referenced Image (3D View)
Image Frame

w| Observation =]
Point  Observations GNSSDataTypes D 4 b

how point IDs 2

how point symbols
[Ishow feature code
[_]1Show elevation

how disconnected points

=3 Project Explorer ¥, View Filter Manager

@ NTNU

Kunnskap for ei betre verd

Photogrammetry  Tunnels  Monitoring

® Exract PointFeature (&) Q

O Extract Line Feature Eract i Aovanced
& Extract Geometry Stockpile ~ Filtering

FutuRe - Trimble Business Center

DataPrep  Tekeoff  SiteMassHaul  ComidorMassHaul  Utility  Drill Pile Compact  ANZEdit  ANZTools  Macros  Support 22
@ w @ Top ~ & Station O~ @ | O Create High/LowPoint [@ % Scan to CAD D @ orhophoto
s - )
Ut 3p @ Perspective - EEPlaneManager | oo @ (oo, 7 % Sean Inspection Messureline 1R | MIProcessPanoramas -~ B Rectified Image

Box - View - 45 Z Axis Up

# CuttingPlane | Color- &  Scans @~ & Measure Distance -

Clearance - Report | @ Extract Cross-Sections Objects € Publish to Clarity

BRQWEE Y4 L Snep B @ Meter Grid Defaut * @ 0 &t

Jernbane-

FP6-Futu direktoratet

Cost effective regiconal lines

10



To complete the Digital Twin

* Define CityGML
Schema of the test
site objects.

« Storing the 3D
environment in the
CityGML format.
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Groger, Gerhard, and Lutz Plimer. "CityGML-Interoperable semantic 3D city models." ISPRS
Journal of Photogrammetry and Remote Sensing 71 (2012): 12-33.
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To simulate the train

 Unmaned ground vehicle
Jackal

* Positioning sensors

o 5 cameras
o GNSS
o Odometer

 |n addition:

o GNSS RTK
o Lidar
o On-board computer (data live-
streaming)
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Next Steps

» Extracting semantic
point clouds from
Images captured by
onboard cameras in
real-time.

* Matching the extracted
features with the digital
twin to obtain highly
accurate positions.
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Test site demonstration — Oct. 2025
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Test site demonstration

e Use cases:

1. Reduce railway track maintenance cost by providing accurate
faulty track locations

2. Provide accurate geo-positions of the train under challenging
conditions

3. Ensure continuous and precise geo-positioning of the train during
periods of GNSS signal unavailability
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