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= Challenges for future mobility solutions '
S Automation as a chance for highly available mobility

= 9

« Demographic change and missing skilled workers

\% * Increasing need for flexible and specific transport systems and
| mobility solutions

« Overcapacity and flexibility in public transport outside peak hours
» Last mile cargo inefficiencies

) - High potential for

* new sector specific operation and business models

« optimiziation of specific vehicle functions and transport
solutions

=~2- - Reduction of traffic
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A modular system for autonomous combined cargo and  jpoGer
passenger transport S

source: DLR
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r"’“‘ Schwarzer Berg in Northern Braunschweig ;
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Combmed trial operatrbn under real-world ondmons for CEP
logistics* and passenger transport** from. mld 2027 g

‘ *Courler express and parcel |OgISDC'S **Wlth test persons only ".\

o | B4 Traffic Light
b ,H\i‘ O% Integration via
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Evaluation of logistical
hub processes with
temporal experimental
hub setup

New bus stop
soupermarkt Schwarzer
Berg“ planned for start of
trial operation from mid
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Safety by Project Design IMoGer

mobillty made in gemmany

WP 1 Mobility and Operation AP9: Societal Readiness,
Concepts (Requirements) Operational Testing and

Instantiation

WP 2: Technical System Design
(includes safety and security

WP 8: Integration and Testing
(Safety and Security Evidence from

argumentation from components to component to system)

system)

Implementation
WP 3: U-Shift
WP 4: Infrastructure
WP 5: Technical Assistance and Supervision
WP 6: Automated Driving System
WP 7: Mobility Services
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Development and Safety Process IMoGer

5> Basic U 3. Requirement
1. Map View: Use Cases - BasiCc USe Definition » 4, MBSE via EA
Cases :
(regSuite)

8. Evidence by
Simulation

5. Hazards 6. Causality
(regSuite) Analysis » 7, SElEy CoElE »

Concrete

Abstract Scenarios
(Traffic SEQUENCE gkttt Scenarios

Charts) (OpenScenario)
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Use Cases at Schwarzer Berg

» Checking system and environment status
before start

» Taking on / releasing capsule

* Driving with cargo capsule / passenger
capsule in residential area

* Driving without capsule in residential area
* Driving in depot

= Start/stop at bus station

= Crossing a pedestrian crossing

» Crossing the main intersection at stadium
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Model based Systems Engineering

* Everything in one SysML Model

= Activities (dependencies between use cases)
= System Architecture

= Safety Argumentation

» Linking requirements from reqSulite
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eingeschaltaten, im Depot. Das Fahrzeug
nichtfahrbereitan Zustand mitADS ist nicht
im Depot. betriebsberait

source: IMoGer-Team




Initial Hazard ldentification with SWIFT! !Mo?:f’

mobillty madie in genmany

* Process Step / System Part
= Step into passenger capsule
= Driveboard without capsule

= Guidewords _ | _ | _ | o
= Timing '
= External factors

»  What-if

=  What-if someone is doing what we didn‘t expect?
= What-if the order of expected process steps is changed?

=
L ©
()
n
» Consequence 5
. . . Q
= What would the system do, if the what-if behavior becomes true? =
: r
o
= Hazard 3
= What circumstances resulting from the consequence could lead to damage or harm? ?
= Grouping this analysis into different scopes for identification of hazard cateogories
= Hazards for VRUs at bus stop 1Mentioned in ISO 31010; for details see also:
= Hazards VRUs in public traffic space * https://onlinelibrary.wiley.com/doi/10.1002/jhrm.20101; last

visit: 2026-05-20;
* Frank Crawley and Brian Tyler; Hazard Identification Methods;
Institution of Chemical Engineers (IChemE), ISBN: 0 85295
IMoGer — Safety Case Development | ADAS Stuttgart 2026 | André Bolles and IMoGer-Team 457 3; 2003



https://onlinelibrary.wiley.com/doi/10.1002/jhrm.20101

Hazard-Analysis

= Collection of criticality phenomenons
= From Project VVMethods
= By criticality analysis for autonomous driving in urban areas
» fog, wind, conflicting trajectories, ...

* Needed for compliance with ISO 21448

» |dentification of , Triggering Conditions”

= How can one make them easily usable and accessible for the purpose of
generating a safety case?

= Criticality metrics, causal graphs, ...

* Modelling of relations between phenomenons
= Concretisation/abstraction S
A T
= Synergies VDA

PROJECT orere
. .y LEITINITIATIVE PEGASUS
= Potential causalities

FAMILY
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Abstract Scenarios with Traffic Sequence Charts ,Mo?:r'

— mobility made in gemmany

source: DLR
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Abstract Scenario — Entering Intersection ,Mo?:r'

— mobility made in gemmany

< Ushiftlength + 1m
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source: DLR

v > 0 [km/h] &8& signalleft
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Abstract Scenario — Left Turn Alternative | ,Mo?:r'

— mobility made in gemmany

source: DLR
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Abstract Scenario — Left Turn Alternative ll ,Mo?:r'

— mobility made in gemmany
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source: DLR
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Abstract Scenario — Left Turn Alternative lll ,Mo?:r'

— mobility made in gemmany

< UShift.length +1m

source: DLR
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3D Modelling for Simulation Based V&V IMaGer

mobillty made in gemmany

Source: DLR

Source: DLR
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Our discussion groups are open IMoGer

» Discussion Group 1: Industry
= How to develop and produce modular vehicles in combination with models for operation

» Discussion Group 2: Homologation, Certification, Standardisation

= Best practices and missing regulatory aspects for safety assurance and certification of
(modular) autonomous vehicles

» Discussion Group 3: Public Transport
= How to integrate autonomous and modular vehicles in existing public transport systems
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Contact IMoG-er
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