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Outline

• Evolution of vehicle electronic platforms
• Dependability challenges: real-time and safety-critical
• Example configuration problem: mapping and scheduling
• Example research projects at DTU Compute
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Increasing complexity (automotive software)
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6 levels of autonomous driving
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Automotive: increased functionality due 
to increased autonomy

Improvements on Sophisticated Automotive Advanced Drivers Assistance Systems (ADAS) like:

Adaptive Cruise Control Lane Departure Assist Blind Spot Assist Brake Assist
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Present: Automotive electronic systems

Over 100 ECUs, interconnected in several networks
ECU—Electronic Control Unit (processor, memory, communication card)
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Autonomous vehicles architecture challenges

• Rapid growth of software functionality 
and the necessary compute performance 
cannot be addressed with current 
electronics architecture and ECUs
– autonomous driving
– connectivity
– infotainment
– electrification & hybrids
– new mobility

• Too many ECU’s with 
too little processing 
power and memory
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From distributed, separate ECUs … 
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… to more integration
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ADAS
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Example sensors needed 
for ADAS applications
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Environment camera

Laser scanner

Ultrasound sensors

Stereo camera

Front cameraRadarLidar

Sensors deployed today
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Processing Resources: 
1x Renesas RH850P/1H-C (ASIL D MCU 
with lockstep cores @ 240MHz) 
2x Renesas R-Car H3 (ASIL B SoC with 4x Cortex A57, 4x 
Cortex A53, 1x Cortex R7, 1x IMP-X5, 1x IMG GX6650 GPU) 

Video Interfaces: 
12 x camera inputs (GMSL) incl. remote supply (PoC) 2 x 
display outputs (FPD-Link III) 

Communication Interfaces: 
4x OABR 100BASE-T1 2 x FlexRay (A/B channel) – wakeup 
capable 2 x HS-CAN – wakeup capable 4 x CAN-FD 2 x LIN 
I/O Interfaces 2 x analog/digital inputs 2 x high side outputs 
1 x sensor supply output (5V)

Example hardware platform: RazorMotion

12



DTU Centre for Collaborative Autonomous Systems10 October 2020

Heterogeneous multicore 
multi-System-on-Chip (SoC) platform 
featuring a variety of CPUs and GPUs 
running at different speeds

Interconnected through either a 
deterministic Ethernet backbone (TSN) or 
through PCIe

Using a variety of operating systems, 
depending on the criticality, a safety-
critical middleware

Example software platform: MotionWise

13

Deterministic Ethernet / PCIe Backbone

Task1 Task2 Task3 Task4
… Taskn

AUTOSAR OS Safety RTOS Linux

Multi-Core processor

Safety
Performance/

Safety Performance

core

core

core

core

core

core

core

core

GPU

core

core

core

core

Middleware



DTU Centre for Collaborative Autonomous Systems10 October 2020

Evolution of vehicular networks
• Why use networks in vehicles

– Reduced Wiring Harness  Reduced weight and cabling costs
– Reduce overall costs by using standardized chips
– Reduce risks of binding to one silicon/solution vendor
– Unified solution for different application areas (e.g. Infotainment, Power 

Train, Driver Assistance, …) 

Picture Sources: IEEE 802.3 RTPGE SG

– History, markets and use cases
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Network convergence: 
IEEE Time-Sensitive Networking

Integration
Multiple traffic classes share the network, supporting 
applications with mixed-criticality requirements
Separation: Virtual links separate different criticalities

Principles
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Switched Deterministic Ethernet (TSN)
in Automotive

Source: Ernst et al. - Ethernet as Future Automotive Communication Backbone
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Configuration challenge: mapping & scheduling
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ENABLE-S3—EU ECSEL, 2016-2019, 143 M€, 74 
partners
European Initiative to Enable Validation for 
Highly Automated Safe and Secure Systems
Substitute today’s cost-intensive validation and 
verification efforts by virtual and semi-virtual 
testing and verification, coverage-oriented test 
selection methods and standardization for efficient 
development of highly automated and 
autonomous systems.

GUARD EU ECSEL failed proposal 2014, 69 partners, >100 M€, WP leader, country coordinator
EMC2 EU ECSEL AIPP project, 99 partners, 100 M€, WP leader and country coordinator

Danish focus:
automated farming
Partners:
DTU
Runtime validation,
analysis and config.
of communication
NABTO (SME)
Sky-Watch (SME)
Aalborg University

Builds on

Objectives
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SafeCOP—ECSEL 2016-2019, 28 partners, 5 countries
11 M€ EU budget, 1,300 PMs
Safe Cooperating Cyber-Physical Systems (CO-
CPS)
using Wireless Communication
Develop a safety-assurance framework for CO-
CPS. 
Develop a reference platform to support the 
engineering and certification of CO-CPS.
Extend the current wireless protocols for safe & 
secure cooperation. 
Contribute to new standards and regulations. 
Demonstrate the usefulness of SafeCOP concepts 
in target applications. 

EMC2 ECSEL AIPP project, 99 partners, 100 M€, WP leader and country coordinator
RECOMP EU ARTEMIS, 41 partners from 9 countries, WP leader and country coordinator

Builds on

Objectives

Partners


		UC1. Cooperative moving of empty hospital beds

		UC2. Cooperative bathymetry w/ boat platoons

		UC3. Vehicle control loss warning

		UC4. Vehicles and roadside units interaction

		UC5. V2I cooperation for traffic management
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National project: AgroRobottiFleet

DTU: dependable wireless communication
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