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1. Project Overview

0 OBJECTIVE

Modular structures for agile, automated
vehicle concepts

2. Disruptive concepts in hardware and software
architecture

3. Modular platform with dynamics modules
4. Fully automated and driverless vehicles

5. Four prototypes of different characteristics

— KEYFACTS

| (1) I ca. 26 Mio. € BMBF funding

@ 01.02.2018 -31.01.2022 (48 months)

E 15 university chairs / institutes
| 6 industrial partners
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2. The Mechatronic Architecture unicar agi/
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2. The Mechatronic Architecture

4

Main communication via Ethernet
Enables service orientated software
structure

Zone architecture also used for sensor
and dynamic modules

Failure of an entire zone can be
handled: still enough capabilities
available
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2.1 The Sensor Modules and the Cerebrum unicar ;"9./‘
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Vision, LIDAR, & RADAR in solid housing

Surround view sensors

Binocular vision in preferential direction

of movement —
Sensor data processing unit =

Multi layer surround
view LiDAR

Vertically aligned
binocular camera system

Surround view

Diverse sensor setup allow reliable camera system

sensing of the environment
Local sensor evaluation reduces
complexity

Processing unit calculates one
environment model per module
Several sensor modules can be
integrated in one vehicle

Sensor data

processing unit RADAR sensors
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2.1 The Sensor Modules and the Cerebrum unicar ;"Q.I‘
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Collects sensor environment models = /
from all 4 sensor modules | |
Fuses sensor environment models to
full vehicle environment model
Cross-checks between sensor
environment models

The Cerebrum
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Predicts behavior of other traffic
participants

Determines adequate behavior and safe
future trajectory for ego vehicle \ /
Transmits trajectory to the brainstem

: Sensing area of sensor modules Sensor modules includin
for further processing & &

(projected to ground; not in scale) data processing unit
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2.2 The Brainstem and the Platform Sensors unicar E'Q//
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Tracking of the desired trajectory ] SENsR
Fallback Level for the cerebral layer . f\\ f-CﬁEB/RUM @ MODULE
e
‘ TVIN gOAl

AL
Independent from the sensors at the ig;g
cerebral layer ‘

Used for the “Safe Halt”, a risk-minimal DYNAMIC

vehicle transition activated in the event MODULE
of a failure of an essential vehicle
component
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2.3 The Dynamic Modules and the Spinal Cord A
.. o

Q* Steering Actuator
e s

Highly Integrated IWD + Steering
Actuator

Double Wishbone Suspension

Outside Running Friction Brake

Steering Angles up to 90 ° IWD Schaeffler
Power Electronics mounted in the
Vehicle Platform s AUFiX Microcontroller =, "
Core O Main Task
@ FreeRTOS | ‘\
Hardware & Software developed at ika ] Cpre 1
Services ,Driving“, , Braking”, , Steering” Steering-Motor
Standard Op.: Inputs from Brainstem Core 2
Brainstem Failure: Own Movement- l_' Safety
vy

Strategy, Inputs from Cerebrum
Manual: Inputs from control devices

Infineon & ika Hardware-Driver
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3. The Brainstem Hardware unicar agil
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lj The Brainstem

Entity A Entity B
Duo-Duplex Architecture:

2 redundant entities with 2 cores each
Lockstep Mode

Comparison of the results, Deactivation
of a Lockstep-pair if not equal

Integrity by using Lockstep
Reliability by using 2 entities

Zynq Ultrascale+ Zynq Ultrascale+

Core OF  Core 1 Core OF  Core 1
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4. Automotive Service Orientated Architecture (ASOA)
Today’s software architecture

o o
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' Rarely updated :* -------- . [ Function1 | Function 2 Function n ]
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ECU-centric, |
historically
grown, ad-hoc
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4. Automotive Service Orientated Architecture (ASOA) wnicar E’Q./'/
ASOA approach 0o ®
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4. Automotive Service Orientated Architecture (ASOA)

ASOA approach
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5. Mechanic Architecture

Specification
Phase

sSources:

e Stakeholder analysis

* Project description

e Safety requirements

* Prototype feasibility
evaluation

Approach: Design goals:
Measurement concept ¢ Feasible structural model
Creative work * Assurance against
Consideration of requirements
requirements e Lay-out of crash load
Evaluation phase paths
Concept selection e Structural weight
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CONSTRUCTION

Prototypical realization:

* Aluminum construction
* Profile-intensive

e Space-frame

2 e vidm ST sideno 14 20032000 syate® M. EMAR #'mG SCHAEFFLER Vs *BST ©1VK 2019 Alighis reserved



unicar agi/l/
w .. ”
Thank you very much for your attention.
Please feel free to ask your questions.

= Dr.-Ing. Dan Keilhoff*, Dipl.-Ing. Dennis Niedballa*, = M.Sc. Stefan Ackermann*,
Prof. Dr.-Ing. Hans-Christian Reuss Prof. Dr. rer. nat. Hermann Winner
Institute of Internal Combustion Engines Institute of Automotive Engineering
and Automotive Engineering TU Darmstadt

University of Stuttgart
= M.Sc. Alexandru Kampmann*, Dr.-Ing. Bassam Alrifaee*,

= Dr.-Ing. Michael Buchholz*, M.Sc. Fabian Gies*, Prof. Dr.-Ing. Stefan Kowalewski
Prof. Dr.-Ing. Klaus Dietmayer Informatik 11 — Embedded Software
Institute of Measurement, Control and Microtechnology RWTH Aachen University

Ulm University
= M.Sc. Fabian Klein*, M.Sc. Michael Struth*, M.Sc. Timo Woopen*,

= Dr.rer. nat. Martin Lauer*, Prof. Dr.-Ing. Lutz Eckstein
Prof. Dr.-Ing. Christoph Stiller Institute for Automotive Engineering
Institute of Measurement and Control RWTH Aachen University

Karlsruhe Institute of Technology
* The marked authors are first authors with equal contribution.
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The Brainstem Architecture unicar ag//
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Entity A
Main processor: Zyng Ultrascale+ by
Xilinx Cortex-A Cortex-A
3 technologien on 1 chip: CORE O CORE O
2x ARM Cortex-R (real time)
4x ARM Cortex-A (calculation)
FPGA (low latent special tasks)
Diverse Implementation possible

Zynq Ultrascale+

Cortex-A Cortex-A
CORE O CORE O

Cortex-R [ Cortex-R
COREOf CORE 1
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