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s the light rail sector ready for
Autonomous trams?

What do we need to ensure effective deployment and migration?

Luuk Kessels
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Introduction
OTIV: Fact sheet

OT\V

W

Locations
Ghent, Belgium
Koln, Germany

Founded
02/2020

Team
51

Mission
OTIV aims to increase the safety and efficiency of rail operation by teaching rail vehicles to eventually drive autonomously

Small selection of our Customers
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ArcelorMittal EUROPE

Founders

Niels Van Damme (MSc. Automation Engineering, UGent): Co-founder and Tech lead
Sam De Smet (MSc. Business Engineering, UGent) : Co-founder and Business lead

Partners
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Urban Mobility
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Some challenges you most likely
are facing.
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Key Challenges Tram Operations

= |ncidents

Asset availability
Facility or network
disruption
Reputation
Passenger injuries

Staff issues when
shunting

= Cost

Revenue loss

Staff turnover
Repairs + spare fleet
size

Energy required to
operate, efficiency
Insurance

= Human Factors = Optimisation

Aging Workforce
Awareness
Operational Pressure
Staff shortages

Tough work
conditions

Driving Efficiency
Flexibility
Rostering

Safety

Less walking times

OT\V



What deployment and migration
approach could be considered to

unlock safety and efficiency
benefits?

Let's dive more into the technical
and organizational side.
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Benefit realization moving towards
(supervised) autonomy y

-

Autonomous
Operation

Remote
Supervision
& Control

Driver
Assisted
Operation

Driver
Controlled
Operation

Reduction in accidents / Energy cost reduction / reduced driver

workload / improved work conditions & driver attractiveness

Reduction in operational and staff costs / less
vacancies / uplift in asset availability / reduced

overall risk to service / higher frequency

OT\V



Steps towards (supervised) autonomy

Driver
Assisted
Operation -

Driver
Assisted

Driver Operation — control
Controlled Passive Interface with
Operation vehicle
» Safety Case Safety Case
* Install sensors Install sensors
 Network data Network data
» Driver training Driver training
 Remote Remote
monitoring monitoring
* Engineering Engineering
change change

T 4

Remote
Supervision
& Control

« Connectivity

* Standards

» (Cybersecurity

* Interface with
vehicle

« Safety Case

* [nstall sensors

* Network data

*  Driver training
*  Remote

monitoring

* Engineering

change

Autonomous
Operation

» Legislation /

Regulation

« Connectivity

= Standards

»  (Cybersecurity
* Interface with

vehicle

« Safety Case

* |nstall sensors
« Network data
*  Driver training
«  Remote

monitoring

* Engineering

change

OT\V



OTIV’s product range facilitates
and adds value in each
deployment phase.
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OTIV unlocks (supervised) autonomy step by step

OTIV.ONE OTIV.TWO OTIV.THREE OTIV.FOUR
: O \
R R ———
Productized Productized Lighthouse projects Lighthouse projects

Underlying automation engine - modular and scalable OTIV.CORE
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OTIV.ONE
DRIVER ASSISTANCE
FOR INDUSTRIAL RAIL

Rail-certified, wireless, real-time train reversing camera
for industrial and last-mile freight operations

Commercially available

Up to

-50%

Reduction in staffing needs for industrial and last mile
shunting movements

Our customers

" JBAIL Y voestalpane gLeen O-=BASF
LogeTics e Cargo o:BASF (DB

e

FRETEry LINSAS @Railserve YNCORIS L7 cargo

OTIV CONFIDENTIAL




OTIV. TWO
DRIVER ASSISTANCE
FOR URBAN RAIL

Rail-certified, Al-powered Advanced Driver Assistance
System (ADAS) for trams and LRVs

Commercially available

Up to

-40%

Reduction in tram collisions, leading to increased fleet
uptime and reduced maintenance & repair costs.

Enabling modular expansion towards Supervised

Autonomy

Our customers
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OTIV.THREE
TELE-OPERATION

Rail-certified, OEM-agnostic tele-operation platform for
all railway vehicles (industrial, urban, mainline), co-
developed with Deutsche Bahn Cargo

Lighthouse projects in main line and at industrial sites

Up to

-40%

Reduction in staffing needs across the entire fleet of an
operator

Our customers




Shaping the future together
Innovation for rail freight transport

00

Source: DB Cargo S .

RTO work station
Remote supervision
Remote control
ATO controls

e Obstacle detection

Physical / virtual balise

OO

o

ATO onboard unit
RTO onboard unit

ETCS onboard unit

Localization system
with digital map

ETCS trackside unit

ATO trackside unit

006000



OTIV. FOUR
FULL AUTONOMY

OEM-agnostic full autonomous driving platform for all
railway vehicles (industrial / freight, urban, mainline)

Lighthouse project with strong relation to setting future
legislation criteria for urban and mainline use

Up to

-30%

Reduction in overall operator costs, excluding benefits

related to energy saving, maintenance, operational
efficiency

Our customers
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Successful Demonstration of PER4ALIVE project within Europe’s Rail

Objectives &< GCAF 5 soveen

0 Specifications for GoA4 for tram

Definition of requirements for perception (incl. sensors,
range, etc.) to assure reliable autonomous operations

9 Functional validation of GoA4 system
Operational trials in depot and in city environment
including feeding the results into TSI's and SubSets

Timeline

Q2 2024 Ongoing

Integration Continued testing

and testing and validation

| |
T ° 7 - S
Q4 2023 Q32025 Ongoing
Project Iteration of Specs
awarded sensors finetuning

OT\V



OTIV confidential

OTIV.FOUR

Obstacle Detection System for mainline on the Betuweroute

Narrow angle, Wide angle,

long range camera short range camera

(internal, behind windshield) (internal, behind windshield)
GPS antenna (external)

__________________________

Long range LiDAR Short range LiDAR
(external)

(external) R .. (external)
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Conclusion
and summary
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So, is the light rail sector Ready for Autonomous rail vehicles?

* There are cost and operational benefits to be had on every rail network across the globe
 Some networks have already implemented steps towards automation

* The technology has greatly improved over the past 5 years, and regulation framework will follow
* Using a phased approach, the burden, commitment and cost is split across several financial cycles
* Use the lifecycle of the vehicle to include needed technical capabilities which are available

* Request for effective modular expansion if investments need to be made when regulatory framework is
not yet there

* New (light) rail vehicles can be designed with supervised autonomy as a baseline

* Adaptation in other modes of transport goes with greater speed, so no luxury to wait any longer

Given the above we think operators should be ready to move forward to an autonomous future

OT\V



OTIV'’s tailored approach for smooth migration

We are mapping standards and regulations for all regions with local experts, partners and form
relevant consortia supporting (future) client needs

Experienced testing and commissioning resources
Learnings from OTIV development, large scale
operational trials and deployments will be available
Vehicle platform agnostic solutions

Feasibility studies and business case support

In depth knowledge of operational use cases

OT\V



uuk Kessels
ATO Lead
. luuk@otiv.ai
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2026 NieRS :
= UK LIGHT RAIL
’CONFERENCE

Intelligent Welding
Using Data and Automation to Extend Light Rail Life



Our Global Footprint

M. 900+ Team Members

=R 200+ MobileWelders :

="

3 Hybrid Battery Welders

ai}f Equipment in ~40 Countries

, 208K Flash-Butt Welds in 2025

g 500,000+ km Of Track Tested in 2025 O  Corporate & Asia-Pac HQ Sales Agents

Equipment & Contracting . Welding Equipment

= Holland



1935 — founded by Cyrus
J. Holland as a 1960s — began fixed plant
manufacturer of flash-butt welding
specialized rail car parts

1972 — began in-track 1980s — began in-house
e flash-butt welding service = design and manufacturing
in North America of welding equipment

1992 — introduced the
Puller-Lite for closure
welding

2015 — Intelliweld®
integrated across our full
fleet

1995 — TrackSTAR® 2001 — introduced Low
testing fleet launched Consumption Weld

2023 — Intelliweld®
systems begin work
globally on HSR India and
Japan

2019 — first HAMR® 2019 — Argus® Track 2020 — introduced Short
welder for repair of special el Measurement Technology (e Plug® flash-butt repair
trackwork Portfolio introduced welding service

2024 —first battery
powered flash-butt weld 2025 — acquired ARR
made in-track on Class | [gmmrd Rail's automated light rail

network in the United welding technology
States

= Holland

2026 - first modular
e d battery powered flash-butt
welding system globally

MobileWelder 101, the first in-track flash-butt
welder, introduced by Holland in 1972.



The OEM + Operator Perspective

Engineering
& Design

Intelliweld® is more than a control system, it's our philosophy around rail welding overall - focused on
increasing speed, consistency, and quality through automation and data-driven insight.

= Holland
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Flash-Butt Welding Specialty Wel

ding Track Measurement

H-650 ITW Welder HAMR® - Holland Automated « Argus® Track Inspector
: Manganese Repair

Puller-Lite Intelliweld® Gauge Corner * Argus®ATGMS

Hybrid® Battery Welder Restoration « Argus®Intelligence

Intelliweld® Discrete
Narrow Head Welder Defect Remediation

G-Head - for Grooved and Intelliweld® Crossing
Crane Rails Restoration

Designed using the Intelliweld® philosophy of controlled, repeatable welding

= Holland




Flashbutt Welding
for Grooved Rail

G-Head welders have been

used to make higher quality

welds on tram and crane rail

in North America and Europe
for over 40 years

= Holland

Intelliweld® Gauge
Corner Restoration

Automated gauge corner
restoration has been utilised
in the UK for 9 years and has
been shown to extend rail life

by five years

Intelliweld® Discrete
Defect Remediation

The world’s first fully
automated defect repair
process that eliminates the
need to re-stress track while
improving weld quality

Intelliweld® Crossing
Restoration System

Key industry-first
automations designed to
provide timely in-situ
restoration of crossings to
maximise life

29



Weld Restoration — The Need

=

 Tramway networks comprise many tight curves (10% to 15% of network
length) leading to high rates of side wear

* Excessive side wear leads to wear of keeper rail

* Rails should only be replaced when vertical wear limit is reached
* Hence, in-situ restoration is essential to maximise rail life

= Holland
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Limitations of Current Restoration Methods

=

Full Rail Replacement

Highly disruptive for
both operator and
surrounding community,
very costly and time
consuming

= Holland

-

Manual Repair Weld

Requirement of high
preheat, availability of
skilled welders,
Inconsistent results
and quality

g

Alternative Equipment

Range of suboptimal
preheat options, low
automation and/or data
logging to ensure weld
quality



* Technology proven and well established — 1 machine operational in UK for past 9
years; 2 machines operating in Oslo tramway network

* GCR machine largely automated with comprehensive datalogging and reporting to
ensure weld quality

* Process made more robust through use of Temperature Control Units (TCUs) that
create a thermal barrier for crack-free material deposition and a high-quality weld

= Holland .



Weld metal

Tempered
marte‘nsite

‘ | 50 pm |

HAZ, tempered
martensite

* Low preheat of ~70°C stops completion of martensite transformation & increases
proportion of soft austenite

* Heat from subsequent beads tempers any transformed martensite into tough
tempered structure less prone to cracking

= Holland .
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Profile Before Weld Restoration Profile After Weld Restoration

* Novel Low Preheat process permits in-situ restoration without polymer damage
* Restoration prevents wear of keeper rail

* Repeat restoration permits full utilisation of permissible vertical wear limit —
maximising rail life

= Holland



Holberg’s Plass, Oslo

5 May 2026

6m gauge corner restoration
2h 33m total repair time

= Holland

Replacement of grooved rails is expensive and disruptive
 Est. £21,250 per 18m (not including labor)
* Two weeks to complete
* /-person crew

No prolonged disruption to network and community

Weld restoration avoids rail replacement till vertical wear
limit is reached

e Recent work on a UK tram network indicated
repaired rail still performing in track five years after
initial restoration work

Extends the life of existing rail, reducing environmental
Impact
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GCR'’s patented low-preheat and optimized welding parameters precisely control heat
transfer and cooling rate to deliver consistent quality. GCR restores rail profile, extends asset

life and offers a proven alternative to rail replacement.

Patented Low Preheat with TCUs
allows in-situ restoration without
damaging polymer

High productivity
Proven, automated weld processes
Work hardening, solid wire

Controlled weld parameters, automated
data logging and quality control

= Holland



Thank youl!
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