
© VDV

ÖV-LeitmotiF-KI 
Save and standardised integration of autonomous 
buses in PT control centres

Project and Results

November 2024 funded by   



© VDV

Agenda

τ Autonomous vehicles in PT operation: 
Status and challenges 

τ Consortium and Project Plan

τ Results:

τ Use Cases

τ Reference architecture

τ Interface specifications

τ SavetyAnalysis

τ Field Test

τ Usability research with MIKA-ÖV Lab

τ Integration with other projects

τ Movie
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Context & Status Quo: 
Automated Vehicles (AV) and PT Control Systems (ITCS)

τ Public Transport (PT) with buses:
operations control by 
αL¢/{ά όLƴǘŜǊƳƻŘŀƭ ¢ǊŀƴǎǇƻǊǘ /ƻƴǘǊƻƭ {ȅǎǘŜƳύΥ

τ PT control centre

τ radio

τ on-board unit

τ Automated vehicles (AV/AD):

τ !5 ŎƻƴǘǊƻƭ ŎŜƴǘǊŜ όαtechnischeAufsichtάύ

τ radio

τ on-board systems

τ no integration

τ no standards to connect PT-AD
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Target vision: integrated solution with multiple 
vehicle types and different degrees of automation

Integrated mobility services:

τ standard and automated vehicles

τ scheduled and on-demand services 

ò Core target: 
Integration of automated vehicles 
into the operational processes of PT

ÖV-LeitmotiF-KI:

τ Use Cases

τ Reference modell

τ Savetyanalysis & 
Risk assessment guideline

τ Data model  & framework 
for integration of AI methods in these processes
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Basics & preparatory work

tǊƻƧŜŎǘǎ α5ƛƎƛǘŀƭ Mobililityά  όнлмтκмуύ

Vehicle and Stop / Fahrzeugund Haltestelle(FuH)

τ Communication control centre / vehicle

τ Basic use cases: logon/off, position messages

τ Not: disturbance management, 
dispositive measures 

Open Mobility Platform (OMP)

τ Concept of reference model:  role model, 
cooperation scenarios , reference architecture 

τ use cases 

τ focus: Intermodal mobility & customer 
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VDV 435-x-y
IoM

VDV 436-x
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Project Partner
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Work plan and Responsibilities
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Schedule and Milestones (Current Project Plan)
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AP 2022 2023 2024

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3

1 Coordination

2 Reference Model M1/2.1 M2.2-1 M2.2-2

3 AI Use Cases M3

4 Implementation 

5 Validation/Field Test M4.2

6 Safety M4.1

7 Project Integration

M1 = Use Case descriptions and risk assessment 
M2.1 = Reference model with matching system components and interfaces: reference architecture 
M2.2-1= Reference model with matching system components and interfaces : AI data model 
M2.2-2= Reference model with matching system components and interfaces : data model 
M3 = Specification of use cases for AI methods 
M4.1 = Guideline for risk and threat analysis, framework concept for vehicle approval 
M4.2 = Description of AI use cases with high added value, validation of selected AI use cases

The project was 
completed as planned 
on 30 September 2024.
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Project Results
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Reference
Model

Specification
Implemen-
tation

Field 
Test

Safety

Reference model

Use Cases

Implemented prototypes

MIKA-ÖV Lab

Interface specifications

User centric analysis

AI use cases

Video documentation

Functional Safety Concept 

Technical Safety Concept 

Vehicle Approval Concept



© VDV

Reference Model
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Reference Model: Method
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Reference architecture:

τ Top Down Approach

τ Identification of ... 

τ Χ ƳŀƧƻǊ system/functional 
building blocks

τ Χ ǊŜƭŀǘƛƻƴǎ κ Řŀǘŀ Ŧƭƻǿǎ

τ From start: Analysis of driverless operation

τ αaŀǇά ŦƻǊ ǘƘŜ ǿƘƻƭŜ ǘƻǇƛŎ
and the project

UseCases:

τ Bottom Up Approach

τ Use Cases first for  
vehicles with drivers

τ LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ Χ

τ Χ !ŎǘƻǊǎκwƻƭŜǎ

τ Χ LƴǘŜǊŀŎǘƛƻƴǎ

τ Transfer ofUse Cases to 
driverlessvehicles
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Use Cases: Modelling of Operational Processes 
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Method

τ LƴǘŜǊŀŎǘƛƻƴǎ ƻŦ α!ŎǘƻǊǎά

Á IǳƳŀƴ !ŎǘƻǊǎΥ αwƻƭŜǎά

Á Systemic Actors:  Systems (res. system parts)

τ α{ǿƛƳƭŀƴŜά 5ƛŀƎǊŀƳǎ όǎƛƳƛƭŀǊ ǘƻ ¦a[ 
collaboration/sequence diagrams)

Proceeding / Results

τ User centric analysis:
specific roles and scenarios for 
autonomous operation  

τ αŎƭŀǎǎƛŎά ǳǎŜ ŎŀǎŜǎ ŦƻǊ operation with drivers

ò Transfer to driverless operation 
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Example: 
Use Case block logon / block assignment 
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Conventional Operation: 
Block logon by driver

Automated Operation: 
Block assignment through vehicle dispatch in DMS
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Example: 
Use Case Communication for Passenger Service

Nov. 2024 ÖV-LeitmotiF-KI | Project & Results22

Conventional Operation:
5ǊƛǾŜǊ ŀŎǘǎ ŀǎ αCƛǊǎǘ [ŜǾŜƭά

Automated Operation:
Treatment by Control Centre
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Example: Use Case 
Distribution of New Plan Data due to dispositive Measure
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Conventional Operation: with driver Automated Operation: without driver
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Reference Architecture
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PrincipalSeparation:

τ αt¢ tŀǊǘά 
(not safety relevant)

τ α!5 tŀǊǘά 
(safety relevant)

ò Controlled coupling using 
standardized interfaces

τ Consistent Modelling:

τ technical & 
human actors

τ interfaces

PTςαtǳōƭƛŎ ¢ǊŀƴǎǇƻǊǘά

ADςα!ǳǘƻƳŀǘŜŘ 5ǊƛǾƛƴƎά

PT AD
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Reference Architecture: UML component diagram
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Reference Architecture: UML component diagram
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Specifications 
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Specifications 

τ Specification of selected use cases and interfaces from the reference architecture

τ Interfaces

ò (7) PT control centre / PT On-board comp.
όαƛǘŎǎ ƻǾŜǊ-the-ŀƛǊ ƛƴǘŜǊŦŀŎŜάύ

ò (3) PT control centre / AD control centre
όαƳƛǎǎƛƻƴ ƛƴǘŜǊŦŀŎŜάύ

ò (8) AD control centre / AD On-board system
(mission transfer / approval)

ò (14) AD On-board Ą PT On-board 
(vehicle status and position)

ò (15)/(16)/(17)/(18)/(19)
AD internal interfaces

τ Further topics

ò Usability

ò AI
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Interface Specification: Transfer to VDV435 (IoM) 
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PT control centre / PT On-ōƻŀǊŘ ŎƻƳǇǳǘŜǊ όαƛǘŎǎ ƻǾŜǊ-the-ŀƛǊ ƛƴǘŜǊŦŀŎŜάύ

τ based on 435-3-о όα[ƻƎƻƴκ[ƻƎƻŦŦάύ ŀƴŘ пор-3-4 ("Position message")

τ ŜȄǘŜƴŘǎ ǘƘŜǎŜ ōȅ αŘƛǎǇƻǎƛǘƛǾŜ ƳŜŀǎǳǊŜǎά

τ designed with itcs providers INIT und IVU and tested in operation

ò Plan Q1/2 2025 : Transfer to VDV435-3-7

t¢ ŎƻƴǘǊƻƭ ŎŜƴǘǊŜ κ !5 ŎƻƴǘǊƻƭ ŎŜƴǘǊŜ όαƳƛǎǎƛƻƴ interfaceάύ

AD control centre / AD On-board system (mission transfer / approval)

AD On-board / PT On-board (vehicle status and position)

τ also tested in operation

τ AD part: Specification & Implementation so far only by FZI 
(research institute, not OEM for automated vehicles)

ò Proposal: first publication as ÖV-LeitmotiF-KI project result,
wait for reactions, maybelater (modified) transfer to VDV435
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itcs over-the-air interface
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Basics & preparatory work

tǊƻƧŜŎǘ α5ƛƎƛǘŀƭ aƻōƛƭƛǘȅά ±ŜƘƛŎƭŜ ŀƴŘ {ǘƻǇ κ Fahrzeugund Haltestelle(DiMo-FuH, 2017/18)

τ Communication control centre / vehicle 

τ Broker Architecture (MQTT)

τ Basic use cases: logon/off, position messages

τ Not: disturbance management, dispositive measures 

Internet of Mobility (IoM), VDV435-x-y

τ Evolutionof DiMo-FuHresults

τ Broker architecture as foundation for 
modern, data-driven architecture

τ Wider use casescope, 
e.g. escalator status, occupancy

τ over-the-air interface so far unchanged, 
limited functional scope as from DiMo-FuH
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itcs over-the-air interface: dispositivemeasures
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Concept  & Design decissions

τ Broker Architecture (MQTT), VDV 435

τ Communication pattern for dispositive measures: 
Publish/Subscribe (+ feedback from vehicle)

τ Online data distribution and offline capability

ò Distribution of dynamic schedule data (changed due to 
dispositive measures) only via data broker

ò (static) base data like line network distributed in advance (classic approach)

ò long term perspective: distribution of all data via data broker

τ άŦƭŀǘέ ƧƻǳǊƴŜȅǎ ƛƴǎǘŜŀŘ ƻŦ ƴƻǊƳŀƭƛȊŜŘ Řŀǘŀ ƳƻŘŜƭ όǊƻǳǘŜǎΣ ǊǳƴǘƛƳŜ ǇǊƻŦƛƭŜǎΣ Χύ

ò ƳƻǊŜ ŦƭŜȄƛōƛƭƛǘȅ ŜΦƎΦ ŦƻǊ άŦǊŜŜ ŘŜǘƻǳǊέ

τ Adoption of Transmodel/NeTEx

ò Use of same identifiers, whenever reasonable

ò sometimes simplifications, e.g. no separate structures for journeys without passengers (Deadrun) and 
with passengers (ServiceJourney)
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itcs over-the-air interface:
Publication of journeys and dispositive measures
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itcs over-the-air interface:
Messages and topic structures
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example: next pages
dispositive 
measures:

Journey

Block
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itcs over-the-air interface:
topic structure, example journey ( DatedVehicleJourney )
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itcs over-the-air interface:
Payload Definition: Journey (DatedVehicleJourney)
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itcs over-the-air interface:
Payload, Example Journey (DatedVehicleJourney)
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<DatedVehicleJourney >

<Timestamp>2024-09-23T14:45:07.620785900Z</Timestamp>

<Version>1.0</Version>

<ID>770e5519-65bd-485f-b3a1-b6c2f53788be</ID>

<ExternalVehicleJourneyRef>76</ExternalVehicleJourneyRef>

<OperatingDay>2024-09-23</OperatingDay>

<LineRef>

<ID>1</ID>

<ObjectType>Line</ObjectType>

<Name>429d4af9-c42e-49bd-ba2f-7fd943849bbb</Name>

</LineRef>

<DepartureTime>2024-09-23T10:00:00Z</DepartureTime>

<TypeOfService>passenger</TypeOfService>

<DatedCalls >

<DatedStopPointCall>

<ID>1</ID>

é

</DatedStopPointCall>

<DatedStopPointCall>

<ID>2</ID>

...

</DatedStopPointCall>

...

</DatedCalls >

</DatedVehicleJourney >

<DatedStopPointCall>

<ID>1</ID>

<DistanceFromPreviousNetPoint>0</DistanceFromPreviousNetPoint>

<StopPointRef>

<ID>1011</ID>

<ObjectType>StopPoint</ObjectType>

<Name>Weststraße</Name>

</StopPointRef>

<AimedArrivalTime>2024-09-23T10:00:00Z</AimedArrivalTime>

<AimedDepartureTime>2024-09-23T10:00:00Z</AimedDepartureTime>

<ArrivalBoardingActivity>alighting</ArrivalBoardingActivity>

<DepartureBoardingActivity>boarding</DepartureBoardingActivity>

</DatedStopPointCall>
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itcs over-the-air interface:
Payload Definition: Position message
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AI Support: Candidates for Use Cases
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τ System monitoring and alerts 

τ Detection of sensor data deviation 
between vehicle and infrastructure

τ Violation of operational design domain:
detection and alert 

τ Learning from former decisions in case of 
control centre assisted driving 
manoeuvres

τ Chatbot for passenger information

τ Recognition of passengers at stop

τ Recognition of unplanned stops and 
critical traffic situations

τ Demand prediction and adapted planning 
of additional journeys

τ Demand-responsive, barrier-free 
alternatives (optimization of dispositive 
measures for passengers with disabilities; 
recognition of passengers with mobility 
restrictions in the vehicle)
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AI support

Nov. 2024 ÖV-LeitmotiF-KI | Project & Results42

Use Case Categories

τ Pattern recognition

ò operational situations

ò anomalies

τ Alert generation

τ Decision support

τ Suggestion scheme

τ Communication / Speech generation

Considered  AI Methods

τ Variational Autoencoder

τ Generative Adversarial Networks (GANs)

τ Case-based Reasoning

τ Rule-based Machine Learning

τ Classifier Systems (model based/free)

τ Deep Neural Networks

τ Large Language Model (LLM)
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Prerequisite for AI: data
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AI Methods need data

τ to train the model

τ for test and verification

Examples for data needed ƛƴ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ŘƻƳŀƛƴ άŀǳǘƻƳŀǘŜŘ ŘǊƛǾƛƴƎ ƛƴ t¢έ

τ Vehicle position, heading, velocity

τ Journeys, trajectories

τ Sensor und Camera data

τ9ƴǾƛǊƻƴƳŜƴǘŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ό ǘŜƳǇŜǊŀǘǳǊŜΣ ǾƛǎƛōƛƭƛǘȅΣΧύ

τ Actions and decision from the PT control centre

τ Actions and decision from the AD control centreόαTechnischeAufsichtάύ
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Lack of data
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Data from standard PT operation with drivers

τ are available in principle 

τ are often encapsulated in specific applications (ITCS, APC, DMS ..)

τ Historic data on PT control centre decision are rare

τ System and vehicle manufacturers are reluctant to share data

Data from PT operation of automated/driverless vehicles

τ are rare so far

τ are not standardized (data model and format)

τ Historic data on AD control centre decision are not available

τ PT and AD parts of data are mostly not correlated / cross-referenced
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Safety
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Safety analysis
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Basis

τ Legal frameworkΥ !CD.±Σ Χ

τ Regulatory framework and experience 
from railway operation: EBO, BOStrabΣΧ

Input from the Project

τ Reference architecture

τ Use Cases

Results

τ Functional Safety Concept (FSK)

τ Technical Safety Concept (TSK)

τ Vehicle Approval Concept (ZLK)
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Safety analysis
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Implementation & Field Test

Overview & Results
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Field Test 22.-25.07.2024

¢ŜǎǘōŜŘ άAutonomesFahren Baden-Würtemberg(TAF-.²ύέ

τ н !ǳǘƻƴƻƳƻǳǎ {ƘǳǘǘƭŜǎ όα9±!-{ƘǳǘǘƭŜάΣ C½Lύ

τ Karlsruhe: Campus Ost

Test Operation

τ Test drivesin semi-private area

τ Simulation of PT operation

τ no passenger service

τ not public

Test Goals

τ Proof-of-Concept (PoC) for interfaces

τ interoperability with 
different system providers

Documentation

τ Final Project Report

τ Video
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Field Test

Test Setup

τ 2 vehicles with PT On-Board computer

ò 1x by INIT

ò 1x by IVU

τ 2 PT control centres 
(one active at a time)

ò 1x by IVU

ò 1x by INIT

τ AD control centre by FZI

τ Interconnection via central 
MQTT data broker

τ Vehicle communication 
via public mobile radio
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MQTT-
Broker

public mobile radio

AD control centrePT control centre(s)

Vehicle 1

PT:                   AD:                  

Vehicle2

PT:                   AD:                  

MQTT-
Broker
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Field Test: interfaces & data flows
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Field Tests: Scenarios, Features, Technology

Scenarios shown

V Line service as ordered by PT control centre

V Route blocked: detour as ordered by PT control centre

V AI use case: Learning from former situations in AD control centre

Features shown

V ¢ǊŀƴǎŦŜǊ ƻŦ ŘǊƛǾƛƴƎ ƻǊŘŜǊǎ όάƳƛǎǎƛƻƴǎέύ Ǿƛŀ !5 ŎƻƴǘǊƻƭ ŎŜƴǘǊŜ ǘƻ ǾŜƘƛŎƭŜ

V Passenger information in vehicle

V Data transfer AD Ą PT in vehicle (position data)

V Monitoring and visualization in PT control centre

V AI assisted intervention by AD control centre 

Communication Technology

V Interconnection via central MQTT data broker

V Vehicle communication via public mobile radio

Interoperability / manufacturer independence 

V All Scenarios alternating with PT control centre by INIT/IVU; in both cases PT on-board comp. by IVU and INIT 
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Field Test: Impressions
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Field Test: Impressions
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Field Test AI Use Case: Test setup

Route blockedby construction site

Gravel road on right side passable

Gravel road not contained in vehicles HD map

AD vehicle needs assistanceto plan 
the detour on the gravel road

Nov. 2024 ÖV-LeitmotiF-KI | Project & Results55



© VDV

Field Test AI Use Case: AD control centre

AI generated manoeuvre is proposed to AD 
ƻǇŜǊŀǘƻǊ όάtechnischeAufsichtέύ 

AD operator can accept or discard proposal

AD operator monitors situation during 
manoeuvre execution
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Field Test AI Use Case: 
!L ōŀǎŜŘ ǎǳǇǇƻǊǘ ŦƻǊ !5 ƻǇŜǊŀǘƻǊ όάTechnischeAufsichtέύ
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Manual Support by AD operatorfor vehicle 
ANNA

AI based automated supportfor vehicle 
ELLA in new situation based on former 

support actions
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Field Test AI Use Case : Execution

Vehicle executes the approved 
manoeuvre autonomously

During execution vehicle monitors environment and 
reacts dynamically to obstacles
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MIKA-ÖV Lab

Goals

τ Realistic test environment for autonomous vehicles 
in public transport

τ Human centric development of information and 
communication systems in autonomous vehicles in 
public transport
όάMenschzentrierteEntwicklungvon Informations-
und Kommunikationssystemenin Autonomen
Fahrzeugenim ÖffentlichenVŜǊƪŜƘǊέύ

Features

τ 6 to 10 PT seats

τ 2 driving situation display (front/rear)

τ 2 fixes passenger information displays

τ 2 to 4 bidirectional interactive displays

τ 3 to 7 unidirectional interaction elements

τ 2 cameras for test observation
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