Future Mobility
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IAV - your strong Engineering-Partner

Software Systems
& Connectivity

* Optimized E2E-
Software-Architectures
and Integration

* Automotive Software
Engineering and Digital
Life Cycle Management

Vehicle Solutions Future Powertrain

& Autonomous Driving

» AD-Function,
Architecture und Integration

* Electrified propulsion
systems

+ Alternative and classical
» Integrated E/E-Functions powertrain solution

and Vehicle Platforms
* Intelligent chassis solution

Solutions & Products

* Non-Automotive solution for:
Energy- and Agro-Systems

* |AV Product management

experience employees
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Market & Customer

100 % connected
* Automated Driving
» Safety, Privacy and Security

* Vehicle as element of IOT
world

+ Digital services and new
business models

» Personalization and
Identification

* On-Board-Entertainment
* Mobile offices
* Connected Smart Home

Norms & Standards
* ISO (Functional Safety)
* UNECE (SUMS, CSMS)
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Vision
Deployment of optimized transport systems, supported by autonomous vehicles.
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Swarm of Robo-Taxis and On-
Demand-Shuttles as fleet
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Autonomous vehicles as add-on to

tandard public t rt
standard public transpo Autonomous

Car-Sharing vehicles
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Demand oriented Ai rt
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special application —e C?s
source: UITP

- The future of mobility: connected, cooperative and technology-open

- The entire mobility eco-system is much more than just vehicle development and deployment
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Now it is time, to set the right way ...

... key factors for successful autonomous operation !

Attractiveness

Reduction

: 2 Value add for safety
—mee N N\ -2 and comfort

* Less individual traffic

» Less complexity for
drivers and
passengers

through on-Demand
service

Automation Profitability Acceptance

 in defined/confined « By flexible control elements * the staff
areas - By configurable drive concepts « the customer
» supported by robust adjusted to application . the environment

communication links

5 IAV 04/2023 Tau Status: freigegeben, vertraulich I /\\/



Mission: Automated Driving for Public Transport and Logistics

- ¢ Goals
T o - ——————— . FIeXIbIIIty
iteRmti® U sl - .

* Optimized Costs
» Optimized Utilization of roadside infrastructure

Areas of application
« Urban
* Metro / Tram / Local area distribution
* Hub-Hub-Logistics
* Sub-urban areas
» Area coverage with public transport offer
* Link to main transport routes
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Autonomous Operation
... more challenges than just “rolling” devices
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Vehicle development topics beyond typical passenger cars

Sensor set rear ’ . Climate Control ]

Side Seat foldable

AD ECUs

Seat Front

Rear Light
HV-Battery integrated

12V Batte
D Front Light
|

= =
10008 165 Dual Slide Door
| |
|

Access Ramp
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Automated Driving (AD) System

9

Perception
» Acquisition
» Association

* Fusion

e Enrichment of
environmental data

Lanes, objects, host vehicle data, ...
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Situation interpretation

+ Situation classification
and representation

* Prediction

* [ntention detection

Situation model

Darstellung der Ontologie

Maneuver and
motion planning

» Derivation of current
vehicle mission and
planning of its realization

Driving path with velocity profile

Act

Control

» Realization of planned
vehicle mission

p(0(t)) PO(tr+1))

Steering wheel angle, desired
velocity, ...
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IAV Mover — Technical Highlights
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Lidar Sensor
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3. Bremsleuchte

Area View Kamera ,
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Virtueller AuRenspiegel
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Front Kamera

Area View Kamera

Ladeklappe

Radar Sensor Radar Sensor Radar Sensor

Lidar Sensor Lidar Sensor Lidar Sensor
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Safety

1SO26262 developed systems for
longitudinal and lateral control

NG
Manual control device: Dynamic

take-over capability over the full
operational speed range




IAV Mover — Sensor concept and data fusion

Radar LIDAR Roadside unit Backend Services

Roadside unit j
B 0
i
Radar sensor | i .9
[5

Camera

Lidar

* External HD-map
* Redundant & diversified sensor principles
+ Intelligent infrastructure at critical areas

+ Combination of Onboard- and
Infrastructure-Signals and traffic signals

* Reliable situation interpretation in
dynamic urban driving scenarios
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IAV’s Sensor Fusion Concept

1AV
Low level Feature level High level Hybrid
Tracking Tracking Tracking
A A A
Fusion Fusion Fusion Fusion
A A A A A V'
Features Tracking Features Tracking
A A A A
Raw data Raw data Raw data Raw data Raw data || Raw data

- IAV’s Dynamic Grid Fusion approach in comparison to standard

solutions
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IAV‘s Dynamic Grid Fusion

Dynamic occupancy grid

Point Projection Data processing Cluster and tracking Dynamic
— —
clouds grid
Radar raw Free
features space
* Project sensor data + Fuse data + Clustering
Object L, into a grid-like » History comparison » Classification SN Object
lists structure . . . lists
. s ( * Motion * Motion tracking
>ensormeta compensation
information stored
on cell level * Image like data
’ preprocessing — .

13 IAV 04/2023 Tau Status: freigegeben, vertraulich | /\\/



Maneuver Planning

Route
Strategic planning
Decomposition

Tactical planning

Motion planning

[ Strategic
+ Complete route

* Low dynamic

. Tactical
« Complex maneuver (e.g., turn left)

* Medium dynamic

I Motion
« Basic maneuver (e.g., follow lane)

« High dynamic
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* Maneuver Planning is central functionality for:
+ Seamless automated driving
» From a given route to the very basic driving behaviors

* Anticipatory driving

» To avoid critical situations, increase comfort and facilitate more human

like driving
» Cooperative driving
» Based on V2X to handle more complex situations

Intelligent automated driving (level 2+ to level 5)
» Gradual decomposition of route into sub-tasks

+ Different planning horizons and decision dynamics:
+ Strategic
+ Tactical

e Motion

- Enabling vehicles to think.

| ANS



Situation-Aware Maneuver Planning

__Interpretand | | |  Adjust behavior Leave highway -~ @ Goa
understand (\ to situation. /.
| situation. |
| i _I_ | Accelerate or falll
: = Wait until :i back to Change Follow lane
C right lane is lane in x meters.
l not blocked i\ Follow course Change lane
: of road Change lane
Drive on highway - — Follow lane |
. — Change lane 1 V
Turn right — —— | I Sequence of consecutive
: _I | tane changes.
1ol - .
Change lane | « 1/ Anticipate emerging
Follow C]?“rsz Follow lane Follow lane | situations and plan
orroa Change lane i maneuver accordingly.
Follow | o
lane s scoremaining i Anticipate critical : Change lane due to slow
/ - , | situation. || venhicle in front.
V2I-based cooperation. : Do not change Ia.ne, - :'\ V/2V-based cooperation
1| Slow down to not stop - fa“h?l_lgth verlncle in o A with vehicles on left lane to
Start 8| at traffic light. Il rontis oo slow. | | build gap.
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— Cabin sensing with increasing importance, accelerated by introduced laws
and regulation - enabler for multiple functions
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Reference project HEAT — Fully operational in 2020/2021
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i * 10 Local infrastructure installation at critical areas
34 » Autonomous driving solution (vehicle, E/E and SW)
» Central control center by HOCHBAHN
* The operation:
 Fully integrated services of all subsystems

+ Shuttle with dynamic driving in urban area and public road
without any restriction or ODD adaptation

+ 1,8 ..2,3 km distance with complex scenarios

» Shuttle operation is directed [strategic plan] directly from
control center

* Partners: ki
SI E M E N S ———j_t'i_ # Deutsches Zentrum
@ HOCH BAHN Hamburg DLR fiir Luft- und Raumfahrt
') SoLuTIONS IIXEM

ﬂ " Infrastructure

Saurce: Siemens.
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Shuttle Zone V2X communic: ation Infrastructure:



Survey results from early 2020 operation [3 weeks continuous]

Wie haben Sie die Fahrt im Shuttle erlebt?

schon aktivierend sicher komfortabel unterhaltsam
Entspricht 60% Verfiigbarkeit 7=
mm=p 162km von 244 km Laufleistung insgesamt AD (67%) 6 ’
5.
4-
N‘-"A 262 Eingriffe Fahrzeugbegleiter,
davon 50% wegen Falschparkern 3-
MTBI: 13,2 min 2-
MDBI: 0,93 km 1
unschon einschlafernd  unsicher unbequem  langweilig
467 Fahrgaste, " :
o iiaininiidoed e i Wie haben Sie das Shuttle erlebt?
294 gefahrene Personenkilometer nitzlich zuverlassig einfach
7 -
6 -
5 -
4 -
» Dynamic driving adaptation and take-over for obstacles 3=
Lessons . . . T
Learned  Improvements for data fusion of vehicle and infrastructure ]
for 2021 information for increased driving performance nutzlos  unzwerlassig kompliziert

* Quelle: HOCHBAHN
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Intelligent to your destination

RS

Using automated & connected driving functions for future-proof mobility solutions
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" Backend Services
\ - & & Control Centre
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" 49 . Safety & Reliability in
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=7 Development & Operation

Intelligent

Infrastructure 2
{\\ ™™\ Dynamic Driving

@ Functions

Adaptive Cooperative \2

-
- Traffic Control
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https://www.mdv.de/projekte/nordsachsen-bewegt/flash/




Look forward ...

Robustness of automated driving & Approval &
Homologation of products

Digitization & Provisioning of available data
Maintenance (SLA) for digitized data & services
Rollout/Extension of infrastructure incl. operation model ?

Connectivitiy of all road users

- Focus towards deployment in regular operation

- Start in defined/confined application (Pilot Areas)

- Introduction of operational autonomous
systems on public roads in 2025 ?




We highly welcome you to experience
Live impressions !

g IAV GmbH




Contact

Mirko Taubenreuther

IAV GmbH

Kauffahrtei 25, 09120 Chemnitz
Telefon +49 371 237 - 34425
Mirko.taubenreuther@iav.de
www.iav.com




