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There are moments when an industry re-

veals its true standing. Not in strategy docu-

ments, bold promises in keynote speeches, or 

flawlessly crafted roadmaps, but in the ques-

tions it asks. Questions directed inward, rath-

er than outward. But why now? Software-de-

fined vehicles, artificial intelligence, central-

ized computing, zonal E/E architectures, chip-

lets, and new semiconductor strategies are no 

longer separate trends. They are interdepend-

ent building blocks of a much much larger 

transformation. It is no secret that electronics 

and software increasingly define what a vehi-

cle can do, how it evolves over time, and the 

customer experience. At the same time, these 

trends force the industry to rethink its respon-

sibilities, development models, and collabora-

tion across the entire ecosystem.

 

One of the most visible examples of this 

shift was and still is: Eclipse S-CORE. The 

initiative was introduced prominently at 

last year’s AUTOMOBIL-ELEKTRONIK 

Kongress in Ludwigsburg and has since 

become one of the key reference points in 

the debate on the software-defined vehicle. 

The underlying question remains highly 

relevant: Which parts of 

the SDV should be devel-

oped jointly? Where does 

differentiation begin? And 

how can open collabora-

tion be transferred into 

series-ready automotive 

platforms? At this year’s 

AEK, S-CORE will present 

several contributions and 

discussions on this topic. 

The focus will be on vehicle architecture, 

integration, governance, and the industri-

alization of open software.

 

This is important because the SDV is not 

just a software issue. It also affects semicon-

ductor roadmaps, operating systems, mid-

dleware, safety concepts, cybersecurity, vali-

dation strategies, and the way organizations 

cooperate. A common software foundation 

can only create value if it reduces complexity 

in areas where differentiation is limited and 

allows enough room for genuine innovation 

in areas where manufacturers and suppliers 

want to stand apart.

Another central topic on this year’s agenda is 

China. Few markets demonstrate the need 

for speed, user focus, and implementation 

discipline as clearly as China does. Shorter 

development cycles, strong vertical integra-

tion, and a high willingness to transform 

ideas into products are changing the global 

automotive industry’s expectations. Rather 

than simply talking about China, we are 

bringing the Chinese ecosystem to the stage 

to provide first-hand in-

sights into one of the 

world’s most dynamic mar-

kets, so the audience can 

hear directly what is hap-

pening there and continue 

the discussion with them in 

Ludwigsburg.

 

All of this makes the 30th 

International AUTOMO-

BIL-ELEKTRONIK Kongress especially rele-

vant. On June 16 and 17, 2026, Ludwigsburg 

will once again become the meeting place – 

some even call it a ‘family reunion’ of the au-

tomotive industry – for those shaping the next 

generation of automotive electronics. Further 

information, including the high-level agenda, 

can be found on page 16 and beyond. 

 

I hope you enjoy reading this issue and find it 

helpful for the discussions ahead. See you in 

Ludwigsburg! ■

Dr. Martin Large 
Online-CvD

CONTACT THE EDITORIAL TEAM
martin.large@ultimamedia.de

It is no secret that elec-

tronics and software 

increasingly define 

what a vehicle can do, 

how it evolves over 

time, and the customer 

experience.
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Marcus Anders, Managing Director Swarco 
Traffic Systems, Vice Chair of the ZVEI Traffic 
Management Systems Division and member 
of the ZVEI Executive Board.
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E
very year, around 1.19 million people 

worldwide lose their lives in road 

traffic accidents. Most of these acci-

dents, approximately 94 percent, are caused 

by human error. Traditional safety ap-

proaches are reaching their limits.

The technological answer to this chal-

lenge has long existed: Cooperative Intelli-

gent Transport Systems (C-ITS) refer to 

systems in which vehicles, traffic infrastruc-

ture, and other road users continuously 

communicate with one another. Using V2X 

communication (Vehicle-to-Everything), 

they exchange safety-relevant information, 

e.g. about hazardous locations, traffic light 

signal phases, construction zones, or ap-

proaching emergency vehicles.

Visibility Beyond Line-of-Sight
The key added value of C-ITS lies in ex-

tending perception. While vehicle sensors 

such as cameras or LiDAR are limited to 

their direct field of view, C-ITS enables 

visibility beyond line-of-sight and sensor 

boundaries.

This creates a decisive information ad-

vantage, particularly at accident-prone junc-

tions, intersections, or poorly visible road 

sections; seconds that can save lives in criti-

cal situations. Whether enabling connected 

and automated driving or supporting more 

efficient and climate-friendly mobility, the 

technology is a central enabler of future 

transportation systems.

Cooperative communication leads to 

smoother traffic flows, reduced stop-and-go 

traffic, and better integration of all road us-

ers. At the same time, it opens new opportu-

nities for the automotive and supplier indus-

tries to develop data-driven services and 

digital business models, creating tangible 

added value for Germany as an industrial 

location.

2028 on the Horizon: Rising Urgency
The need for action becomes particularly evi-

dent in public transport. In many cities, the 

prioritization of buses and trams at traffic 

signals is still based on analog radio systems 

from the 1980s that are technologically out-

dated, unencrypted, and pose security risks.

The shutdown of the corresponding ra-

dio frequencies has been mandated by the 

Bundesnetzagentur for December 31, 2028. 

By that date at the latest, a system transition 

will be unavoidable.

C-ITS offers a future-proof alternative: 

digital, standardized, interoperable, and 

scalable. This not only makes public trans-

port faster and more reliable, but also inte-

grates it more effectively into overall traffic 

management. Within the C-ITS landscape, 

two technological approaches have become 

established: ITS-G5 for direct, low-latency 

communication, and C-V2X via cellular 

networks for long-range, network-based 

services. Modern traffic management re-

quires a hybrid approach, tailored to the 

specific use case.

Why Is C-ITS Still Not Deployed at 
Scale?
The limited large-scale rollout of C-ITS is 

not due to a lack of technical solutions. The 

core components, standards, communica-

tion methods, and security mechanisms are 

in place and already in real-world operation, 

for example within the European C-ROADS 

platform.

The real bottleneck lies in implementa-

tion. Responsibilities and operations are 

distributed across multiple levels, resulting 

in functional solutions coexisting without 

leveraging their full collective potential.

This is evident in the area of Public Key 

Infrastructure (PKI). PKI enables verifica-

tion, for instance, whether a bus or emer-

gency vehicle is authorised to receive signal 

priority in a given region.

The technical concepts and European 

regulatory frameworks are established and 

robust. What matters now is not treating 

them in isolation, but integrating them as a 

fundamental component of a continuously 

operated, connected traffic infrastructure.

What’s Next?
C-ITS has reached a turning point. The 

technology is deployed in practice, interna-

tionally established, and increasingly taken 

for granted. Vehicles, infrastructure opera-

tors, and traffic systems are gradually con-

verging into a shared digital ecosystem.

At the same time, external pressure is 

rising: the mandatory technology transition 

in public transport by 2028, increasing de-

mands for road safety, climate targets, and 

automation.

Like any infrastructure, C-ITS delivers its 

true value only when widely adopted as a 

shared system. This shift from whether to 

how quickly is already evident in many Euro-

pean neighboring countries and interna-

tional markets. For decision-makers, this 

means: those who act now actively shape the 

future. Those who wait risk having to adapt 

later to systems defined by others. (na) ■

C-ITS: How V2X Is Digi-
tizing Road Traffic Today 
and in the Future 

“Those who act now 

actively shape the fu-

ture. Those who wait 

risk having to adapt lat-

er to systems defined 

by others.”

Marcus Anders, Swarco Traffic 
Systems / ZVEI

6   AUTOMOBIL ELEKTRONIK E/E-Entwicklung für Entscheider • 03/2026

ZVEI Viewpoint

1778584699-4zyzu.indd   6 5/12/2026   1:18:21 PM



1778570226-d6nsr.indd   7 5/12/2026   9:17:07 AM



P
ic

tu
re

: 
N

X
P

Semiconductors for electric mobility

Bosch introduces third generation of SiC chips

Bosch has begun rolling out its 
third generation of SiC chips 
and is already supplying sam-
ples to global automakers. The 
silicon carbide semiconductors 
are designed for use in electric 
vehicles, where they will control 
the flow of energy in the power 
electronics. According to the 
company, the new generation 
achieves 20 percent higher per-
formance than the previous 
version. At the same time, the 
chips are smaller. This allows 
more components to be manu-
factured per wafer, which can 
improve production cost-effec-
tiveness. SiC power semicon-
ductors switch faster and cause 
lower energy losses than con-
ventional silicon chips. In the 
drive electronics of electric ve-
hicles, this helps to increase ef-
ficiency and extend range. With 
the third generation, Bosch 
aims to further expand these 
capabilities. The focus is on 
higher power density, more 
compact designs, and broader 
availability of high-perfor-
mance electronics for electric 
mobility.
At the same time, the chips are 
becoming smaller. This allows 
more components to be manu-
factured per wafer, which can 
improve production efficiency. 

SiC power semiconductors 
switch faster and cause lower 
energy losses than convention-
al silicon chips. In the drive elec-
tronics of electric vehicles, this 
helps to boost efficiency and 
increase range. With the third 
generation, Bosch aims to fur-
ther enhance these characteris-
tics. The focus is on higher pow-
er density, more compact de-
signs, and broader availability 
of high-performance electron-
ics for electric mobility. With 
the new generation of SiC 
chips, Bosch is positioning itself 
in a market that is expected to 
grow significantly in the com-
ing years. According to the com-
pany, Yole Intelligence expects 
the global market for SiC power 
semiconductors to rise from 
$2.3 billion in 2023 to approxi-
mately $9.2 billion by 2029. 
Electric mobility is considered 
one of the key drivers of this 
growth. As electrified power-
trains become more wide-
spread, the demand for power 
semiconductors—which ena-
ble higher efficiency and more 
compact systems—is also in-
creasing. Bosch reports that it 
has invested approximately 
three billion euros in semicon-
ductors as part of the European 
IPCEI funding programs for mi-

croelectronics and communica-
tions technology. The develop-
ment and production of the 
third generation of SiC chips 
take place at the Reutlingen 
plant on 200-millimeter wafers.
In addition, the company ac-
quired another plant in Rose-
ville, California, in September 
2023. Bosch is investing ap-
proximately 1.9 billion euros in 
expanding production there. 
The first SiC chips from the U.S. 
site are scheduled to be deliv-
ered to customers as samples 
before the end of this year. In 
the future, the SiC semiconduc-
tors will come from plants in 

Germany and the U.S. In doing 
so, Bosch is not only expanding 
its production base but also dis-
tributing manufacturing across 
two locations. Since the start of 
production of the first genera-
tion in 2021, Bosch has, accord-
ing to its own figures, shipped 
more than 60 million SiC chips 
worldwide. In the medium 
term, production capacity is ex-
pected to rise to the mid-three-
digit million range. The planned 
expansion of capacity is part of 
a long-term strategy to meet 
the automotive industry’s 
needs in the wake of electrifica-
tion.

Pre-integrated platform for faster production development

Vector supports the NXP CoreRide platform

The collaboration between 
Vector and NXP is focused on 
accelerating the industrializa-
tion of software-defined vehi-
cles (SDVs). The joint activities 
center on software-centric sys-
tem integration, measurable 
performance optimization, and 
secure boot and update archi-
tectures. The latest result of 
this collaboration is the NXP 
CoreRide Z248 zonal reference 
system, a ready-to-use, re-
al-time-capable computing 
platform that can be immedi-
ately utilized for series devel-
opment. The pre-integrated 
and pre-configured hard-

ware-software platform is 
based on Microsar embedded 
software products that are 
closely aligned with NXP hard-
ware. This tight integration of 
hardware and software reduc-
es complexity during system 
startup, lowers integration ef-
fort for OEMs, and allows de-
velopment teams to begin ap-
plication development sooner. 
This integrated approach 
shortens evaluation phases, re-
duces technical risk, and also 
accelerates the launch of vehi-
cle programs. The solution 
package includes Vector prod-
ucts such as Microsar Classic 

as a software stack, the DaVin-
ci Configurator for configuring 
the stack, and PREEvision for 
system design. Vector’s 
base-layer solution improves 
the critical system perfor-
mance indicators of NXP Core-
Ride. This includes optimizing 

boot and startup behavior to 
ensure fast and deterministic 
availability of the electronic 
control units (ECUs). The col-
laboration between Vector and 
NXP focuses on accelerating 
the industrialization of soft-
ware-defined vehicles.
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A new direction in automotive software

TTTech Auto becomes TrustMotion

TTech Auto will operate under the 
name TrustMotion going forward. 
The rebranding follows the acquisi-
tion by NXP Semiconductors in June 
2025. With its new brand identity, 
the company aims to strengthen its 
position in the market for soft-
ware-defined vehicles (SDV). Accord-
ing to the company, TrustMotion will 
remain a neutral automotive suppli-
er and support OEMs, suppliers, sem-
iconductor manufacturers, and 
third-party software providers. The focus is 
on systems, safety, and security for scalable, 
safe, and secure mobility. 
The portfolio includes the safety middle-
ware MotionWise, which is considered the 
company’s flagship product. It is designed 
to simplify the integration of software and 
hardware in modern vehicle architectures. 
The offering is complemented by system 
solutions, safety consulting, hardware de-
sign services, and customer-specific system 

integration programs. In doing so, TrustMo-
tion addresses a key challenge of soft-
ware-defined vehicles: functions must in-
teract reliably across different computing 
platforms, software layers, and safety con-
cepts. Along with the new name, TrustMo-
tion also announced a change in leader-
ship. Chris Greentree has been appointed 
General Manager. Dr. Stefan Poledna, previ-
ously at the helm of TTTech Auto, will as-
sume the role of Chief Technology Officer.

Will the 12-volt battery in electric cars become obsolete?

Dual battery: Redundant electrical systems enhance EV safety

The two-year REDSEL research project by 
Silicon Austria Labs, Infineon Technologies 
Austria, and AVL List has been successfully 
completed. The project focused on develop-
ing a redundant high-voltage and low-volt-
age electrical system architecture for elec-
tric vehicles. The goal was to create a flexi-
ble and fail-safe power supply that could 
eventually even eliminate the need for tra-
ditional low-voltage batteries. At the heart 
of the solution is a system with two 
high-voltage batteries and active balanc-
ing. This ensures even load distribution and 
significantly increases operational reliabili-
ty. In addition, the partners developed a 
multiport power electronics converter with 
multiple inputs. A novel magnetic integra-
tion concept ensures high power density 
while reducing the required installation 
space. On the high-voltage side, 750-V sili-
con carbide MOSFETs are used, while 30-V 
components are employed for the first time 
on the low-voltage side. These offer signifi-
cant efficiency advantages over previous 
40-V solutions. Improved electrical system 
specifications in current electric vehicles 
enable the safe use of these new compo-
nents. Another innovative step is the new 
safety architecture for switching opera-
tions. Mechanical relays are being replaced 
by semiconductor switches. This increases 
reliability, reduces weight, and saves space, 

while simultaneously improving operation-
al safety.
The technologies developed in the project 
form the basis for lighter, more robust, and 
scalable vehicle electrical systems. They 
support not only the further development 
of today’s electric vehicles but also future 
applications, including autonomous driv-

ing. The project underscores the impor-
tance of close collaboration between re-
search and industry. The developed demon-
strator provides a practical demonstration 
of how new vehicle electrical system archi-
tectures can be safely and efficiently inte-
grated into production vehicles in the fu-
ture.

Gentex and Antolin plan to jointly bring 
next-generation dimmable sun visors to 
the European automotive market. To this 
end, the two companies have signed a co-
operation agreement. The goal is to replace 
the traditional sun visor with an electro-
chromic dimmable glass solution. Gentex’s 
technology is based on transparent glass 
that can be darkened automatically or 
manually. This is intended to reduce glare 
from sunlight while allowing the driver to 
maintain a clear view. Conventional sun vi-
sors, by contrast, have so far severely re-
stricted the field of vision. Gentex brings to 
the partnership its many years of experi-
ence with dimmable glass, such as in au-
to-dimming mirrors and electrochromic 
aircraft windows. Antolin complements 
this with expertise in interior systems, in-
dustrialization, and the integration of com-
plex vehicle components.

Staying in control while driving

Gentex and Antolin develop a 
dimmable sun visor
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 A
I is hungry for data and constantly 

seeks value creation. Meanwhile, 

the automotive industry is quietly 

doing its homework: software is being devel-

oped using modern methodologies, IT in-

frastructure is increasingly automated, doc-

umentation has long been digitized, and 

bridges now connect previously isolated 

tools and data silos. This creates an ideal 

breeding ground for artificial intelligence 

algorithms—now commonly referred to as 

“agentic AI”—which are becoming ever 

more capable. 

In most individual disciplines—reading 

texts, recognizing objects, analyzing data—AI 

now surpasses human capabilities. Know-

ledge originally generated by humans has 

largely been absorbed by algorithms; one 

might even say appropriated without consent. 

Only the physical 3D world remains challeng-

ing, as there is still no comprehensive digital 

twin that can be readily ingested. 

From engineering… 
However, further progress no longer depends 

on ever-increasing volumes of data, which are 

themselves increasingly contaminated by 

AI-generated noise. The focus has shifted to 

making models more efficient, connecting 

them to factual data sources, and enabling 

communication between models. The open-

source platform OpenClaw demonstrates 

what this leads to: the evolution from a chat-

bot to a network of software agents that inter-

act with our files, tools, emails, and messages 

in a human-like manner. 

This approach has generated significant 

momentum, pointing to a path toward real 

value creation and productivity gains be-

yond AI copilots. The three major con-

cerns—data privacy, IT security, and process 

governance—are being addressed, as illus-

trated by rapid adoption within the Nvidia 

ecosystem under the name “NemoClaw.” 

…to prompt engineering 
This fundamentally changes the role of the 

automotive engineer. We are moving from a 

human-centered, AI-supported development 

process to an “AI-first” paradigm: humans 

instruct, guide, and assist AI algorithms, but 

the process itself is conceived from the per-

spective of AI. And AI operates differently. A 

human launches a tool, works on an artifact 

within it, and exports CAD data. A machine, 

by contrast, analyzes requirements, writes its 

own scripts or remotely controls tools, and 

generates CAD data directly.

Nevertheless, humans remain essential in 

this automated workflow—for now. Current 

algorithms still have limited understanding 

of what they are doing. The term “AI slop” is 

gaining traction: rapidly generated artifacts 

often contain errors, unnecessary complexi-

ty, or merely reflect the most probable op-

tion rather than the correct one. 

New roles 
As so often, today’s roles reflect the past. Prod-

uct owners, project managers, test engineers, 

and quality managers exist because division of 

labor and specialization were necessary. This 

is now changing at scale, and it is not entirely 

new. Anyone using Word or Photoshop today 

independently performs work that once re-

quired entire teams of specialists. 

What will these new roles look like? That 

remains to be seen. There is, however, a clear 

sequence: start with customer value and the 

underlying challenge, then define the solu-

tion, followed by the process, and only then 

the organization and roles. The focus on the 

customer—the “why”—is therefore critical. 

And one principle still holds: a bad process 

automated with AI remains a bad pro-

cess.  When implementing AI, it is therefore 

useful to orient around value streams: what 

exactly do we want to produce in the end? 

And how can we get there most efficiently if 

all relevant data is available from the outset? 

The new automotive imperative: AI of-

fers immense opportunities—if we combine 

it with deep automotive expertise. (na) ■

 “AI offers immense op-

portunities—if we com-

bine it with deep auto-

motive expertise.” 

 Dr. Christof Horn, Accenture
Motto: “Humans remain essen-
tial in the automated work-
flow—for now.” 

 AI is the new automotive imperative 
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AI at the edge is reshaping how vehicles are designed, 

validated, and supported throughout their lifecycle. The 

real breakthrough isn’t running models in the car — it’s 

building an architecture that can deploy, update, and 

orchestrate intelligence safely and cost-effectively across 

heterogeneous hardware. That’s the shift underway, and 

it’s the direction leading automotive software platforms, 

including Sonatus, have been built to support. 

From Static to Adaptive
Traditional vehicle software has been limited by fixed 

hardware, rigid update processes, and minimal visibility 

into real-world behavior. Edge AI changes that. When 

intelligence runs directly in the vehicle — from phys-

ics-based models to machine-learning inference — auto-

makers can detect issues earlier, personalize the driving 

experience, and continuously refine performance. 

This shift requires in-vehicle diagnostics such as bat-

tery-health and tire-wear monitoring to reduce recalls 

and maintenance costs. Platforms like Sonatus make this 

practical at scale. Pairing AI workloads with dynamic 

data orchestration is becoming essential for activating 

context-aware insights without redesigning the underly-

ing architecture. 

Engineering for Efficiency, Safety, and Cost
Bringing AI into production vehicles is a systems chal-

lenge: automakers must balance AI and non-AI work-

loads across increasingly consolidated E/E architectures 

while preserving safety and managing compute budgets. 

Across the industry, the goal is to run intelligent 

models on general-purpose ECUs rather than on expen-

sive accelerators. Architectures like those developed by 

Sonatus make this possible while keeping safety and cost 

in balance. Containerization and virtualization isolate 

AI workloads into self-contained units, enabling dynam-

ic CPU and memory scaling so non-critical tasks never 

interfere with safety-critical functions. 

Automotive-Grade AI Toolchains
Deploying AI across ECUs, gateways, and domain con-

trollers requires more than a runtime, it requires an au-

tomotive-grade toolchain. Sonatus AI Director provides 

an end-to-end MLOps workflow that standardizes mod-

el integration, optimization, and deployment across di-

verse topologies, whether the target is a single ECU, a 

zonal controller, or a central gateway. 

Complementing this, Sonatus Collector AI captures 

precise, event-triggered data to feed and refine these mod-

els. By orchestrating only the data that matters, OEMs re-

duce processing overhead and transmission costs. 

Built for Continuous Evolution
The future of automotive AI depends on architectures 

that can evolve as quickly as the intelligence running on 

them. By unifying data, compute, and software orches-

tration, Sonatus enables automakers to deploy new capa-

bilities in days instead of months and deliver vehicles 

that learn and adapt throughout their lifecycle. 

This is the shift from software-defined to intelli-

gence-driven, and it’s underway now. ■

Author: Alexandre Corion, Senior Vice President,  

Engineering, Sonatus

Unlocking Edge AI

Architecting the Dynamic, 
Self-Optimizing Vehicle 
Edge AI is shifting the vehicle from a fixed software system to an adaptive platform. 
Scalable orchestration, efficient deployment, and continuous optimization are becom-
ing central to future automotive architectures.

How does Edge AI 
transform vehicle ar-
chitectures? Adap-
tive software plat-
forms enable effi-
cient deployment, 
orchestration, and 
continuous optimi-
zation.

Picture: Sonatus

Alexandre Corjon, Senior Vice President, Engineering, 
Sonatus

Picture: Sonatus
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 Working together with-

in Eclipse S-CORE on 

open middleware for 

the software-defined 

vehicle: Sven Kappel 

(left), Vice President – 

Head of ETAS NeXT

mobility innovation & 

Head of Project S-CORE, 

and Markus Rettstatt 

(right), Vice President 

Software Defined Car 

at Mercedes-Benz Tech 

Innovation. 
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 Mr. Rettstatt, Mr. Kappel, what exactly is Eclipse S-CORE — and what prob-
lem is the project intended to solve?
Markus Rettstatt: At its core, S-CORE addresses the lack of a shared foun-

dation in middleware. We saw that many companies are working on very 

similar challenges. If each one develops these basics separately, it creates 

enormous duplication of effort. By collaborating in an open-source model, 

we reduce integration effort and avoid redundant foundational work. That 

allows OEMs and partners to move from idea to vehicle much faster.

Sven Kappel: In addition, the goal is to create a stable foundation that can be 

used over the long term. We do not want to start from scratch with every new 

vehicle generation. Instead, we want to establish a platform that can evolve 

across generations while maintaining a certain degree of backward compati-

bility. That reduces not only the effort required for integration, but also for 

development itself.

Mr. Rettstatt, at Mercedes-Benz Tech Innovation you are directly involved 
in software development for the OEM. When did it become clear to you 
that vehicle software, without open collaboration and open source, would 
become slow, expensive or complex?
Markus Rettstatt: The key realization was that real differentiation for OEMs 

happens at the top of the stack — where functions become customer-relevant 

and define the brand experience. Everything below that is essentially 

non-differentiating groundwork. Yet that is exactly where we saw many play-

ers working on the same problems. In conversations with partners and sup-

pliers, it became increasingly clear that very similar technical challenges were 

being solved in parallel across many vehicle programs. That is neither effi-

cient nor sustainable. So for us, it became obvious that a common foundation 

was needed — and open source is a very suitable approach because it enables 

genuine collaboration on equal terms.

S-CORE is a joint project involving OEMs, suppliers, and software partners. 
In the early stages, which was more challenging: reaching technical align-
ment or driving cultural change?
Sven Kappel: Both were challenging, but in different ways. Technically, a 

solution can almost always be found in the end. Architects discuss, evaluate 

options, and eventually arrive at a viable decision. From my perspective, 

Interview with Sven Kappel, ETAS, and Markus Rettstatt, 

Mercedes-Benz Tech Innovation 

 “We do not want to 
start from scratch 
with every new 
vehicle generation”  
 Eclipse S-CORE aims to put middleware in the soft-
ware-defined vehicle on a shared open-source founda-
tion. In this interview, Sven Kappel of ETAS and Markus 
Rettstatt of Mercedes-Benz Tech Innovation explain why 
shared code can accelerate integration, safety, and indus-
trialization — and why the real transformation is less 
technical than cultural. 
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though, the bigger shift lies in the cultural dimension. The industry 

is already used to using open-source components in certain areas, 

such as infotainment. But jointly conceiving and developing a safe-

ty-relevant stack from the ground up — including processes, docu-

mentation, and quality requirements — is something entirely differ-

ent. On top of that, in an open community, companies suddenly 

collaborate that may well be competitors in other areas. The fact that 

these companies work together to find the best technical solution 

and share knowledge transparently represents a genuine cultural 

shift. We have laid the groundwork for that, but the process is far 

from complete. Ideally, it will grow into a broadly supported commu-

nity that ultimately involves the entire automotive industry.

In the context of the software-defined vehicle, one key term has 
come up repeatedly for years: development speed. How can open 
source actually shorten time to delivery without 
simply creating new coordination loops?
Markus Rettstatt: Because a shared code base scales 

far faster than coordination based purely on docu-

ments and committees. If you only align through 

specifications, it often takes a long time before ro-

bust results emerge. By contrast, if you look at con-

crete code artifacts, you can very quickly see what 

works and what does not. That accelerates deci-

sion-making considerably. Of course, we operate in 

the regulated automotive environment. That means 

you cannot adopt such a model one-to-one from 

other software domains. We deliberately adapted 

our code-first methodology so that it remains archi-

tecture-focused and meets the requirements of the automotive in-

dustry. And that is precisely the advantage: we combine development 

speed with industrial-grade reliability.

Sven Kappel: The big difference is that traditional collaboration in 

this industry is often heavily specification-driven. First, specifica-

tions are created over a long period of time. Then implementation 

follows, then delivery. And only after that can developers of differen-

tiating functions really begin. In an open-source community such as 

S-CORE, by contrast, a developer can start much earlier. They down-

load the code, work on a stable foundation, and do not have to wait 

for several sequential stages to be completed. That fundamentally 

changes the dynamic. Universities and new partners can also get in-

volved much earlier. Development becomes more collaborative, 

more parallelized, and ultimately faster. And if we succeed in build-

ing on that foundation across generations instead of starting over 

each time, the result is a speed advantage that is hugely relevant for 

the industry.

So where, in today’s vehicle programs, is the most time being lost?
Markus Rettstatt: The biggest loss of time occurs in integration and 

validation, not primarily in writing code. That has a lot to do with 

the fact that numerous proprietary stacks have to be brought togeth-

er today — stacks that were never really designed to work together. 

That is exactly what creates friction, rework, and enormous valida-

tion effort.

Sven Kappel: And that effect repeats from project to project. If every 

program starts with a new foundation, the validation effort also 

starts from scratch every time. If, on the other hand, you build on a 

stable, jointly developed foundation, then ideally only the deltas have 

to be validated. That is a crucial lever. On top of that, with S-CORE, 

our ambition is to make the stack integrable all the way down to the 

operating-system layer. In other words, the public release does not 

just exist in theory — it is practically runnable.

You have already mentioned that S-CORE is deliberately focused on 
the non-differentiating part of the software. Where does that 
boundary lie in practice?
Sven Kappel: Broadly speaking, between base software, middleware, 

and application software. Application software is where OEMs create 

their real differentiation — where the customer experience, brand 

logic, and vehicle-specific functions take shape. From the perspec-

tive of many manufacturers, the layers underneath are not where 

they need to differentiate strategically. That is exactly why it makes 

sense to develop this part collaboratively. At the same time, there is 

still room for differentiation — including for suppliers and distribu-

tors. That may take the form of particularly high-performance im-

plementations, supplementary tools, or services around the stack. 

Our goal is to provide the community with a runnable, robust stack. 

How that stack is then industrialized, optimized, or enhanced with 

additional services can still vary.

Markus Rettstatt: Exactly. OEM-specific differenti-

ation will remain in product logic, brand experi-

ence, and data-driven functions. Those assets will 

continue to be clearly separated. But for the non-dif-

ferentiating foundation, collaborative development 

simply makes more sense than parallel individual 

efforts.

Mr. Rettstatt, from Mercedes-Benz’s perspective, is 
open source already proving to be an accelerator 
overall — despite the additional governance re-
quirements?
Markus Rettstatt: Yes, very clearly overall. It re-

quires more discipline in middleware governance, no question about 

that. But in the medium term it reduces friction, and in the long term 

it is a real scaling lever. What matters is not only developing the stack 

itself, but also always keeping its adaptability in mind: how can all of 

this be deployed in real OEM programs? Especially at those friction 

points, open collaboration helps because architectural decisions can 

be made earlier and on a more solid basis.

Mr. Kappel, ETAS speaks very openly about actively shaping both 
architecture and implementation. Where do you currently see the 
biggest lever: better code, better toolchains, or a new industrializa-
tion model?

“S-CORE addresses the 

lack of a shared foun-

dation in middleware. 

We saw that many 

companies are working 

on similar challenges.”

Markus Rettstatt,
Mercedes-Benz Tech Innova-
tion  

“The industry is already 

used to using open-

source. But jointly con-

ceiving and developing 

a safety-relevant stack 

from the ground up is 

something entirely dif-

ferent.”
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Sven Kappel: All three matter, but the biggest lever is probably the 

industrialization model. Better code is a clear advantage, not least 

because in an open community more eyes are looking at the same 

code. That is particularly important when it comes to security. The 

toolchain is equally central. Anyone who takes safety, compliance, 

and traceability seriously needs transparent processes all the way 

from requirements and feature requests to delivery. But the real 

breakthrough lies in industrializing the same code. That changes the 

roles in the market. Distributors can focus more on genuine added 

value instead of differentiating themselves through basic implemen-

tation alone. At the same time, OEMs gain more flexibility because 

they do not have to rebuild their application software every time they 

switch partners. There is also a different business model emerging: 

away from purely license-based sales and toward continuous delivery 

and more service-oriented models. And that is also where we see our 

role very clearly: not only as an active contributor to the community, 

but as a reliable partner for production programs. In the end, OEMs 

do not just need strong open code — they also need partners who 

can take responsibility for industrialization, integration, compliance, 

and the path into series production.

What integration problems can a layer such as S-CORE already 
solve better today than traditional proprietary middleware stacks?
Markus Rettstatt: Above all, it reduces the many project-specific 

special adaptations that almost inevitably arise with proprietary ap-

proaches. If you are involved in developing the stack, integration 

becomes far more predictable. Interfaces become more robust, and 

we place strong emphasis on interoperability with established stand-

ards, such as those from AUTOSAR or COVESA. The idea is not to 

ignore standards, but to combine them meaningfully with a 

code-centric development approach.

Sven Kappel: Middleware’s job is to mediate between operating sys-

tems and application software. If that layer is open and transparent, 

it can be integrated cleanly from below just as well as from above. 

That results in greater reliability, more transparency, and continuous 

evolution. Compared with proprietary stacks developed in isolation, 

that is a major difference.

At S-CORE, you describe your approach as iterative, 
code-driven development rather than a purely 
specification-driven one. Is that the real cultural 
break with the traditional automotive industry?
Sven Kappel: Yes, that is certainly one of the defin-

ing points. In the past, specifications were devel-

oped in committees and then implemented by 

companies. The problem is that specifications are 

open to interpretation. Two implementations may 

refer to the same standard and still behave different-

ly. That problem is significantly reduced when the shared code base 

becomes the leading artifact. Then we are no longer talking about 

differently interpreted specifications, but about the same code.

Markus Rettstatt: That does not mean important specifications dis-

appear. But the primary reference point increasingly becomes the 

developed artifact itself. From there, insights can then flow back into 

standards and specifications. That changes the logic of collaboration 

quite significantly.

S-CORE relies on both C++ and Rust. Why this two-track approach?
Markus Rettstatt: Rust shows its strengths where safety-relevant 

middleware components and concurrency are critical. C++ remains 

the sensible choice where performance, existing ecosystems, and 

legacy integration dominate. We cannot and do not want to simply 

discard proven, production-ready code. In the medium term, Rust 

will certainly gain importance, but for now, supporting both lan-

guages in parallel is the pragmatic path.

Sven Kappel: Exactly. If we are incorporating existing, produc-

tion-proven code, it makes no sense to translate it into Rust purely as 

a matter of principle. But when we develop new concepts entirely 

from scratch, Rust is often the natural choice.

In automotive, the goal is always safety, security, and production 
readiness. How do you prevent the speed gained at the beginning 
from later being lost in compliance and approval processes?
Sven Kappel: By taking those issues into account from the start. It 

became clear to us very early on that S-CORE would only be viable 

if safety, security, processes, and documentation were developed 

alongside it from day one. That is exactly why the S-CORE process is 

set up so that a distributor can derive a certifiable product from it. 

We phrase it very deliberately like this: S-CORE it-

self is capable of safety certification, and a distribu-

tor turns it into a certified product for the OEM. To 

ensure that, we have our processes audited external-

ly on a regular basis. With Exida, we have a partner 

on board that has supported us from the outset and 

reviews both our development processes and our 

artifacts. That creates the foundation to ensure that 

industrialization and certification do not later be-

come bottlenecks.

Finally, looking ahead: how would you measure the success of 
S-CORE three years from now?
Markus Rettstatt: For me, one key indicator of success would be if 

more production vehicles were using the same core. It would also be 

a strong signal if fundamental debates about middleware were to 

decline significantly, and if open source in the vehicle were no longer 

seen as an exception, but as the norm.

Sven Kappel: I would add two more points. First, a truly thriving 

community that continues to grow — not only in Europe, but glob-

ally. Second, it would be a major success if S-CORE became a place 

where innovations move quickly toward industrialization. That also 

applies to AI-driven approaches. If new ideas do not remain stuck in 

a purely experimental culture, but instead make their way into series 

production via S-CORE, then we will have done a lot right.  ■

 Interview by Pascal Nagel 

“The real breakthrough 

lies in industrializing 

the same code. That 

changes the roles in the 

market.”

Sven Kappel,
ETAS  

“A shared code base 

scales far faster than 

coordination based 

purely on documents 

and committees.”
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30th International AUTOMOBIL-ELEKTRONIK Kongress

Time to celebrate!
On June 16–17, 2026, the AUTOMOBIL-ELEKTRONIK Kongress celebrates its 30th anniversary – bringing 
together the leading decision-makers in automotive electrical, electronic and software systems.

For three decades, the AUTOMOBIL-ELEKTRONIK Kongress 

(AEK) has been the central meeting point for OEMs, suppliers, semi-

conductor companies and technology players. In 2026, the congress 

takes place under the anniversary motto: “Disruptive Technologies 

for Consumer-centric Innovations Powered by AI and Future-proof 

E/E Architectures.”

The industry is currently undergoing one of its most profound 

transformations. Software-defined vehicles, AI-driven architectures 

and new semiconductor ecosystems are no longer future topics – 

they are shaping real-world platform decisions today. The AEK 2026 

reflects exactly this shift. The advisory board and organizers have 

once again curated a high-level, international program with speakers 

from across the entire ecosystem. Key topics of the 2026 edition in-

clude: – Software-defined vehicle architectures and their real-world 

implementation – AI as a system layer across development and ve-

hicle platforms – Zonal and centralized E/E architectures – Semicon-

ductor strategies and chiplet-based approaches – Open ecosystems 

and new collaboration models such as Eclipse S-CORE

As in previous years, panel discussions remain a core element of 

the AEK. They provide the opportunity to explore key topics from 

multiple perspectives and foster open dialogue between OEMs, sup-

pliers and tech companies. These discussions typically continue be-

yond the stage – in the plenary sessions, networking breaks and the 

evening event.

The show must go on! Join us in celebrating the 30th edition of the automotive industry’s family gathering.

Pictures: Matthias Baumgartner

Follow the #AEK_live on LinkedIn 

Quick Facts

 ● 30th anniversary edition of 

the AUTOMOBIL-ELEKTRONIK 

Kongress

 ● June 16–17, 2026

 ● Forum am Schlosspark, Lud-

wigsburg

 ● VIP event by invitation on 

June 15, 2026

 ● High-level networking at the 

industry evening event 

on June 16

 ● Info & registration: automo-

bil-elektronik-kongress.de

 ● LinkedIn: #AEK_live
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Register for this conference online:

https://www.automobil-elektronik-kongress.de/tickets/
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Follow #AEK_live 
on LinkedIn
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Register for this conference online:

https://www.automobil-elektronik-kongress.de/tickets/
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Cybersecurity

Eyes on the software supply chain 
Software has become the heart of vehicles and thus also the central entry point for cyber risks. Regulatory 
requirements such as the Cyber Resilience Act are a response to this. It is high time for manufacturers to 
make their software supply chains transparent.

With the software-defined vehicle, the importance of secure and transparent software supply chains is growing: SBOMs help manufacturers 
detect vulnerabilities at an early stage, meet regulatory requirements, and systematically manage cyber risks.

Picture: TechLens - stock.adobe.com
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In modern vehicles, sometimes more than 

a hundred control units are at work, and in 

any case there are millions of lines of code 

– and the trend is rising. With the transi-

tion to the software-defined vehicle, not 

only functionality grows, but also the attack 

surface for cyberattacks. At the same time, 

regulations worldwide are tightening the 

requirements for the automotive industry. 

In short: manufacturers have no choice but 

to make their software supply chains trans-

parent. Software bills of materials (SBOMs) 

are becoming the key to security, compli-

ance, and competitiveness.

The importance of “software supply 

chain security” is increasing, above all due 

to new regulatory requirements that de-

mand systematic management of cyber 

risks from manufacturers. This includes 

vulnerability analysis, reporting obliga-

tions, and the rapid remediation of critical 

security gaps. “For the vehicle, the UN EVE 

WP.29 applies, obligating manufacturers to 

cybersecurity, while for production the 

European NIS2 directive and the Cyber 

Resilience Act apply,” explains Mirko Ross, 

CEO of Stuttgart-based risk analysis spe-

cialist asvin. “All of these regulations re-

quire the management of cyber risks.”

In this context, the software bill of mate-

rials is gaining in importance. “It makes it 

possible to search within a piece of software 

for known vulnerabilities, because it maps 

the ‘blueprint’ and the ‘ingredient list’ of 

that software,” Ross explains, making the 

SBOM an essential building block in cyber-

security management.

Complex supply chains
This is no trivial task, because the automo-

tive industry has one of the most complex 

supply chains in the world. Vehicles consist 

of thousands of components and software 

modules from different suppliers. OEMs 

often develop only part of the software 

themselves – large portions come from 

tier-1 and tier-2 suppliers or from open-

source libraries. This structure makes it 

significantly more difficult to keep track of 

dependencies and risks. In addition, vehi-

cles are increasingly updated over the air, 

causing software versions to change contin-

uously.

“Software products are complex con-

structs with numerous components from 

suppliers, interfaces to cloud services, and 

increasingly also AI applications,” Ross em-

phasizes. “Keeping an overview here and 

obtaining an up-to-date situational picture 

is an enormous challenge.” There is also a 

structural problem: changes to the software 

must be documented along the entire sup-

ply chain. “This only works if OEMs and 

suppliers work hand in hand. But automat-

ed processes and standardized interfaces 

are often lacking,” the expert notes.

To address these risks, manufacturers 

are pursuing a dual-track approach: “Or-

ganizationally, OEMs are passing on the 

obligation for cybersecurity and the provi-

sion of SBOMs through delivery and pur-

chasing conditions,” reports Ross. As a re-

sult, cybersecurity requirements are in-

creasingly being integrated into supplier 

contracts. Suppliers must, for example, 

provide SBOMs or demonstrate how they 

monitor and remediate vulnerabilities. At 

the same time, regulatory requirements call 

for continuous risk analysis over the entire 

lifecycle of a vehicle. “From a technical 

perspective, however, it is more complex,” 

says Ross. The main focus here is on the 

integration of SBOM standards and auto-

mated toolchains. Industry-wide, formats 

such as SPDX or CycloneDX are common, 

providing machine-readable information 

about software components. Ross: “There 

are several SBOM standards, and these 

must be converted losslessly between sup-

pliers and OEMs,” explains Ross. “If data is 

lost in the process, the entire toolchain for 

scanning vulnerabilities suffers.”

Standardization meets culture
However, the introduction of SBOM-based 

security processes is not just a technical 

challenge. It also requires organizational 

changes in development processes and col-

laboration. “It is about both standardiza-

tion and cultural change,” says Ross. “With 

an SBOM, suppliers disclose the blueprint 

of their software to the OEM.” In practice, 

this level of transparency sometimes meets 

with reservations, for example due to con-

cerns about intellectual property. At the 

same time, effective SBOM management 

requires that the documentation be updat-

ed with every software change. “This re-

quires a secure software development life-

cycle at OEMs and suppliers that is closely 

interlinked. Product development and soft-

ware development have to work together 

more closely here.”

A central role is played by the integra-

tion of SBOM creation and vulnerability 

analysis into DevSecOps and CI/CD pipe-

lines. According to Ross, SBOMs come into 

play at two points: first, in the quality man-

agement of the CI/CD pipeline. Before de-

ployment, the software is automatically 

checked for known vulnerabilities. Second, 

SBOMs serve as documentation of the ac-

tual software version delivered. This ap-

proach enables continuous monitoring of 

the software supply chain and a faster re-

sponse to newly discovered vulnerabilities. 

Automated SBOM analyses can, for exam-

ple, detect when an outdated open-source 

library is included in vehicle software and 

poses a security risk.

SBOM as a competitive factor
In view of growing regulatory require-

ments, SBOM management is becoming 

mandatory for all market participants. 

However, the maturity level of implementa-

tion varies significantly. “Those who 

achieve the highest level of automation here 

will have a direct competitive advantage,” 

says Ross. It is clear that the topic of the 

supply chain has gained an important new 

dimension that no one can ignore. (pn) ■

 Author: Chris Löwer, freelance journalist 

What are software bills of 
materials (SBOMs)? 

 A software bill of materials, or SBOM 

for short, is a machine-readable list of 

all components that make up a piece 

of software. It documents which com-

ponents, libraries, and modules are in-

cluded in a product, who provides 

them, and how they depend on one 

another. This creates transparency 

across the software supply chain – 

similar to an ingredient list on food 

products. Typical contents of an SBOM 

include the name and version of a 

component, the manufacturer, unique 

identifiers, cryptographic hashes, li-

censing information, as well as direct 

and transitive dependencies. In prac-

tice, SBOMs are ideally integrated au-

tomatically into development and CI/

CD processes and generated in stand-

ardized formats such as SPDX or

CycloneDX. 
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Mr Mabire, you have been CTO of Valeo’s Brain Division 
for a few months. What was at the top of your agenda?
First of all, I was fortunate to take over a very well-posi-

tioned organisation and a strong team. My predecessor, 

Joachim Mathes, left me with a solid foundation. For 

someone stepping into a role like this, that is extremely 

valuable. At the same time, it is clear that the Brain Divi-

sion is now at the centre of the automotive industry’s 

transformation. On the one hand, there is the soft-

ware-defined vehicle, which is fundamentally changing 

the industry. On the other, there is agility: making devel-

opment, collaboration and decision-making faster and 

Interview with Gilles Mabire, CTO Valeo Brain Division

“Software must never be viewed 
in isolation from hardware”
The software-defined vehicle will not be decided by code alone. In an exclusive inter-
view with Automobil Elektronik, Gilles Mabire, CTO of Valeo’s Brain Division, explains 
why the interaction between software, hardware and sensors is becoming critical.

“A powerful soft-
ware platform is 
essential. It influenc-
es the cost structure 
as much as the vehi-
cle’s overall perfor-
mance,” says Gilles 
Mabire, CTO of 
Valeo’s Brain Divi-
sion.

Picture: Valeo
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more flexible. And thirdly, I am focused on the question 

of what we in Europe need to do to strengthen our com-

petitiveness and technological sovereignty. For me, these 

three topics belong together: technology, organisation 

and collaboration.

Let us stay with the software-defi ned vehicle. The term 
is everywhere, but in practice the complexity quickly 
becomes apparent. Where do things most often get 
stuck today?

First of all, the SDV has long since become more than a 

buzzword. It is a reality. We are working with several 

OEMs to bring corresponding solutions in-

to series production this year and next. At 

its core, this is about continuously develop-

ing a vehicle throughout its entire lifecycle. 

It is no longer enough to deliver a product 

once. You have to provide updates, im-

provements and new functions on an ongo-

ing basis. In the long term, that is precisely 

where great value lies for mobility and for 

the competitiveness of the automotive in-

dustry. But the challenge is enormous. It 

starts with the system architecture and ex-

tends from the integration of hardware and 

software all the way to validation, testing 

and assurance. Every additional function and every new 

software generation increases complexity. The key is 

therefore not to look at this complexity in isolation, but 

to master it systemically.

What will be more important in the coming years: the 
perfect software platform, or the ability to integrate 
hardware, software and sensors cleanly?
A powerful software platform is essential. It influences 

the cost structure as much as the overall performance of 

the vehicle. There can be no compromises in this area. 

Anyone who wants to remain competitive in the market 

in future needs a modern and competitive software base. 

But that is only one part of the equation. Software must 

never be viewed in isolation from hardware. At the same 

time, sensors and computing platforms also have to 

evolve. Ultimately, what really matters is the ability to 

bring all these layers together in one overall system. 

Low-speed manoeuvres are a good example: parking 

functions, automated parking or, in the future, Level 4 

parking. For that, you need highly capable software, but 

also the right hardware architecture and precise sensing 

based on ultrasonic sensors, cameras and radar. Only 

when this interaction works properly does real added 

value emerge for the customer. That is why, in my view, 

the greater leverage does not lie in an either-or decision, 

but in integration.

And that is precisely where assurance comes in. Valeo 
places strong emphasis on virtual validation and digital 
twins. In a world of continuous updates, is validation 
becoming the bottleneck?

It is certainly a key factor. For us, virtualising develop-

ment is a central lever for defining and assessing the ar-

chitecture and the overall system at a very early stage. 

Ten years ago, we did not have these possibilities in this 

form. Back then, it was much more difficult to identify 

and manage complexity early on. That is why we have 

invested heavily in digital development and test environ-

ments, also together with partners. Our aim is to digital-

ise systems as far as possible and to be able to test them 

largely without physical hardware. This not only acceler-

ates development and assurance, but also improves 

quality. In addition, we use AI in development itself. We 

use AI not only in our products, but also in our own 

software processes. Today, more than a quarter of our 

software is created with the support of a coding assistant 

that we use together with Google. As a result, we are 

seeing clear progress in speed, quality and maturity. We 

have taken a major step forward, particular-

ly in safety and in dealing with complexity.

The software-defi ned vehicle is always a 
collaborative project as well. Where does 
the boundary between OEM and supplier 
run today?

That boundary is much less clear today than 

it was a few years ago. In the past, the rela-

tionship between OEMs, Tier 1 and Tier 2 

suppliers was organised in a strongly verti-

cal way. Everyone had their clearly defined 

role. That model has now reached its limits. 

Today, we are moving much more within an 

ecosystem. Carmakers, suppliers, software partners and 

other tech players are working together more closely and 

more at eye level. The building blocks can be hardware, 

software, tools or complete subsystems. Such a model 

can only succeed if all parties pursue a common goal. 

From my perspective, the OEM’s task is to truly under-

stand the customer’s needs and turn them into a compel-

ling user experience. The supplier’s task is to translate 

that understanding into robust technical systems: into 

platforms, functions, subsystems and integration capa-

bilities.

Let us turn to autonomous driving. GenAI and world 
models are seen as promising technologies, yet pro-
gress in many areas is slower than expected. What, in 
your view, is genuinely close to series production?

AI is not something fundamentally new for us. We have 

been using it for years in our products, but also as a tool 

in the development of those products. That applies to 

physical systems just as much as to software. Our teams 

have extensive experience in training models, in synthet-

ic data and in combining synthetic data with real-world 

data. With these approaches, we are already working 

today on Level 2 and Level 2+ systems. Together with 

customers, we are developing programmes that are 

scheduled to go into series production in 2027 and 2028. 

Level 3 and Level 4 are still further away in terms of 

timing. They require additional progress in foundation 

models, data management and computing architecture. 

That is exactly what we are working on. And because 

these challenges cannot be solved in isolation, we are 

also involved in European projects and collaborations. 

What is close to series production today is primarily 

what is already being translated into concrete pro-

grammes around Level 2 and Level 2+. The next stage 

will come, but it clearly needs more time and more col-

laboration.

“We do not be-

lieve in lock-in 

effects, and 

open source of-

fers a real ad-

vantage in many 

areas.” 

Gilles Mabire,
CTO Valeo Brain Divi-
sion  
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Valeo is deliberately pursuing openness when it comes 
to world models. Why not take a proprietary approach?
Because we do not believe in lock-in effects, and because 

open source offers a real advantage in many areas. The 

decisive question is not always: which technology can I 

completely control myself? Often, the more important 

question is: how can I adapt existing technology so that 

it delivers the greatest benefit for my application? If pow-

erful solutions are already available in an open environ-

ment, it makes sense to build on them rather than devel-

oping everything from scratch in a proprietary way. 

Openness accelerates development, increases momen-

tum and strengthens competitiveness. Of course, we are 

not simply relying on external technology. Our contribu-

tion lies precisely in adapting such models to concrete 

requirements: to functionality, safety and the specific 

application in the vehicle. The real value lies in this 

translation from an open model into a robust automo-

tive solution.

What does the next step in automated driving need 
more: better algorithms or better data?
Both. More powerful algorithms are indispensable, but 

without high-quality and well-orchestrated data, their 

benefit remains limited. Large volumes of data alone do 

not help if that data is not properly structured, curated 

and meaningfully integrated into development process-

es. That is why this is always about several layers at once: 

better algorithms, better data, good data management 

and a consistent system architecture. Added to this are 

the interfaces to the sensors: cameras, radar, ultrasonic 

sensors or lidar. Only the interaction of these compo-

nents enables the next step.

Let us look inside the vehicle. Valeo presented new 
in-cabin monitoring solutions at CES. Which of these 
are already real, and which are still demonstrators?
Perhaps I should start by saying this: for us, the soft-

ware-defined vehicle is not just about technology. It is 

about using that technology to create a safe and desirable 

vehicle. What ultimately matters is what the customer 

experiences and what added value they actually perceive. 

This is precisely where driver and occupant monitoring 

play a central role. The first step is clearly a safety use 

case: the system has to detect whether the driver is atten-

tive or, for example, looking at a smartphone. Solutions 

like this are already in development or in production in 

many regions of the world. This is no longer science 

fiction.

And what is the next step?
In future, it will increasingly be about linking ADAS 

functions with what is happening inside the cabin. The 

vehicle has to understand what is going on in the cabin, 

especially when the driver is not constantly focused on 

the road at higher levels of automation. The system has 

to assess whether a person is able to take back control 

and, if necessary, respond in good time with warnings 

and information. Beyond that, a new field of interaction 

and personalisation is emerging. Cameras and algo-

rithms can detect whether someone is tired, how many 

people are in the vehicle or what the current usage situ-

ation is. From this, functions can be derived that make 

the vehicle more intuitive and helpful. In combination 

with generative and agentic AI, we see considerable po-

tential here.

Valeo is also involved in assistance systems for 
two-wheelers. How much can be transferred from the 
car to that area?
More than one might initially think. The starting point 

is a clear safety need, because a significant proportion of 

serious accidents still involve two-wheelers. That is pre-

cisely why we need to develop new solutions in this area. 

The underlying core technologies are quite similar to 

those used in cars. Of course, there are differences in 

packaging, integration and validation. But these are not 

two completely separate worlds. Many technologies and 

development approaches can be transferred. That is ex-

actly why we also see growth potential in this field. We 

have already entered into partnerships with various 

manufacturers, and that shows that the market is there. 

Our goal is clear: we want to help significantly reduce 

the number of accidents involving two-wheelers.

Whether on two wheels or four, V2X is a central build-
ing block for road safety. It has been discussed for 
years, but the breakthrough has yet to come. What 
needs to happen?

From a technological point of view, many of the founda-

tions are already in place. In China, corresponding solu-

tions have already been brought into series production. 

The technology works and can create significant added 

value through the interaction of vehicles, infrastructure 

and other road users. We have also demonstrated its 

potential in other regions. V2X can make situations vis-

ible that conventional sensors alone cannot cover. Espe-

cially when it comes to low latency and information be-

yond the direct line of sight, that is a major advantage. 

The real open question today, in my view, is less the 

technology than the business model. Who invests? Who 

benefits? Who takes on which role in this ecosystem? 

Many building blocks are already available, for example 

in smartphones or telematics boxes. What is needed 

now, above all, is the will to scale. Regulatory impulses 

could further accelerate this process. I am convinced 

that V2X can become a real breakthrough for road safe-

ty, especially in urban environments.

Finally, looking ahead: if we speak again in three years’ 
time, how would you measure whether Valeo’s Brain 
Division has truly taken a step forward?
A first benchmark would be that our Level 2+ solutions 

are successfully in series production and are developing 

into a standard in mobility. Secondly, I would like to be 

able to show that we are competing on equal terms with 

very strong competitors, including from China, and that 

we are bringing products to market much faster with the 

help of artificial intelligence. Thirdly, it would be a clear 

signal of success if road safety had noticeably improved 

through our technologies, meaning cameras, radar and 

sensing overall. And finally, I would like us to have 

brought the software-defined vehicle into series produc-

tion as a safe and desirable product, and for customers to 

recognise and value that added benefit. (pn) ■

 Interview by Pascal Nagel 
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Reshaping the in-vehicle safety experience

When Automotive Systems 
think ahead 
Driver monitoring, contextual situational awareness and connected safety functions 
can create proactive in-vehicle support. By fusing driver state, traffic data and adaptive 
HMI output, vehicles can respond earlier and more precisely in complex risk scenarios.

F
riday, 5:30 p.m. On a city highway, traffic is stop-

and-go. Heavy rain is falling, and dusk is setting 

in. Visibility is poor; brake lights blur across the 

wet road. The driver is coming off a long workday, is 

tired and under time pressure. Push notifications on the 

smartphone add another layer of distraction.

What emerges is not a single risk, but an intercon-

nected risk system: impaired perception, reduced cogni-

tive performance, and a constantly changing traffic envi-

ronment. Traditional rule-based assistance systems 

reach their limits in situations like this because they of-

ten assess events in isolation.

Here it becomes clear that safety must be understood 

as a system. Diverse influencing factors, driver condi-

tion, environmental conditions, and traffic dynamics, 

must be captured in real time, evaluated, and combined. 

This is where the synergy of Harman Ready products 

comes into play: through cross-domain data fusion and 

context-based evaluation models, Harman brings to-

gether in-cabin intelligence, connected situational 

awareness, and robust, adaptive HMI output to create a 

safety experience that supports proactively rather than 

merely reacting.

Driver condition as the starting point for 
safety logic
The critical phase begins inside the vehicle, even before 

a specific event occurs. Modern driver monitoring sys-

tems such as Harman Ready Care continuously analyze 

the driver’s condition. In the scenario described, Ready 

Care uses contactless, camera-based technology to mon-

itor vital signs such as heart rate and breathing intervals 

in order to detect stress levels and the onset of fatigue. At 

the same time, the system evaluates the driver’s attention 

Sample visualization 
of data identified by 
Harman Ready Care 
on the driver’s state 
with regard to fa-
tigue, distraction, 
and stress.

Picture: Harman
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and distraction status (“Eyes & Mind on Road”), distin-

guishing among visual, manual, and cognitive distrac-

tions.

The result is not a binary warning, but a continuous 

assessment of the driver’s condition, for example, “onset 

of fatigue and elevated stress; trend: increasing.” This 

allows the system not only to detect hazards, but also to 

judge how well the driver is still able to respond in that 

specific situation. Robust results are achieved through 

ML models and sensor-data fusion, which deliver stable 

status parameters even under challenging conditions 

such as seating position, changing light, eyewear, or par-

tially obscured facial features.

Context-based risk assessment through
connected systems
Alongside the driver analysis, the vehicle assesses its 

surroundings. Harman Ready Aware enhances tradi-

tional onboard sensors with Vehicle-to-Network (V2N) 

data about the vehicle’s environment, extending situa-

tional awareness with contextual real-time information 

beyond the driver’s line of sight. A situational awareness 

engine processes, filters and prioritizes context-based 

events, while an analytics/confidence engine evaluates 

them and assigns a confidence score. The goal is to re-

duce false alarms and information noise, minimize 

alarm fatigue, and increase user acceptance.

In this scenario, based on cloud-based V2N data 

feeds containing traffic and infrastructure events, the 

system reports a traffic jam 500 meters ahead, along with 

increased braking activity, early enough to preserve a 

margin for action.

Data fusion and coordinated system
intervention
The key now is to correlate the driver’s condition with 

the surrounding situation. In state-coupled control, 

Ready Care transfers the driver’s status to Ready Aware. 

Ready Aware then switches to a stress- and fatigue-adap-

tive awareness mode, in which trigger thresholds for 

critical events, such as a traffic jam, an accident or haz-

ard, or abrupt braking ahead, are adjusted, and onboard 

sensor data and V2N information are weighted more 

heavily toward near-term collision risks.

The logic is straightforward: when the driver has 

fewer cognitive reserves, the system must provide sup-

port earlier and more selectively. Non-safety-related 

alerts are therefore suppressed, while outputs focus on 

safety-critical event categories. Information is delivered 

where it is most likely to reach the driver reliably, for 

example via the head-up display directly in the driver’s 

field of view. In addition, directional audio signals can 

further support rapid, targeted perception of the warn-

ing. The result is that the driver can adjust speed and 

following distance earlier.

The challenge lies in maintaining a consistent, low-la-

tency end-to-end chain: in-vehicle data acquisition, local 

evaluation and filtering enriched by relevant cloud infor-

mation, and HMI output coordinated with other content 

in a way that remains clear and dependable in the mo-

ment.

Connectivity as the backbone of the
architecture
An escalation chain is in place for emergency scenarios: 

if an incident occurs despite intervention, the vehicle 

detects the crash and the Telematics Control Unit auto-

matically initiates the eCall and sends the Minimum Set 

of Data, such as position and direction of travel. Har-

man’s Ready Connect TCU supports 4G and 5G connec-

tivity as well as satellite communication (NB-NTN) with 

text and voice, enabling safety-critical communication 

such as messaging or emergency SOS functions in re-

gions with limited cellular coverage.

Systemic safety instead of isolated functions
In heavy evening traffic with poor visibility, it is no 

longer the driver’s reaction time alone that matters, but 

the quality of system support. This scenario illustrates 

the shift from isolated functions to a state- and con-

text-aware system for more integrated safety. The identi-

fied cognitive driver state (Ready Care) modulates the 

awareness assessment (Ready Aware), which in turn 

governs the output and intervention strategy (HMI/dis-

play plus cabin signals) and, in exceptional cases, feeds 

into a robust emergency chain (Ready Connect, eCall). 

Safety thus becomes proactive, context- and driver-state-

based, not as a single warning, but as a coordinated end-

to-end function. (bs) ■

 Author: Stephan Preuss, Senior Vice President, Division 

Technology and Product Management, Automotive 

at Harman 

 Harman Ready 
Aware detects an 
emerging hazard 
(heavy braking 
ahead) and displays 
a warning in the 
head-up display.

 Picture: Harman 
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 Radar-based solutions in-
crease passenger safety and 
require reliable and safe em-
bedded software.

 Picture: HighTec 

Passenger Safety 

 Implementing In-Cabin Radar Monitoring 
with Embedded Software Toolchains 
 With Euro NCAP’s 2026 protocol, child presence detection becomes mandatory for top safety ratings.
Radar-based solutions such as Novelic’s ACAM, developed using optimized embedded software tools
from HighTec, demonstrate how these requirements can be met. 

 W
hen it comes to passenger safety, the Euro NCAP’s 

2026 safety protocol significantly raises the bar: To 

achieve top ratings, OEMs and Tier 1 suppliers must 

implement Child Presence Detection (CPD) into the vehicles. The 

protocol requires the use of direct sensing technologies such as 

radar or cameras to detect the presence of children up to six years 

old within 15 seconds after the vehicle is locked. If a child is de-

tected, the system must trigger exterior alerts such as horn or light 

activation within 15 seconds, followed by escalating warnings, 

including smartphone notifications or haptic feedback, if the child 

remains inside the vehicle. 

The Euro NCAP requirements place high demands on sensing 

technology, signal processing, and system integration. Systems must 

reliably detect even minimal movements, such as the breathing of a 

sleeping infant, while operating under strict constraints in terms of 

power consumption, processing capability, and functional safety. 

Radar-Based In-Cabin Monitoring 
One approach to addressing these challenges is Novelic’s Automotive 

Cabin Advanced Monitoring (ACAM) solution. Its 60 GHz mmWave 

in-cabin monitoring radar sensor is designed to monitor the vehicle 

cabin and detect the presence and movement of occupants, including 

children and animals. ACAM does not require a line of sight to de-

tect individuals and does not invade passenger privacy. 

Compared to camera-based systems, radar offers advantages in 

low-light or obstructed conditions and enables detection of very 

small movements. ACAM integrates these capabilities into a com-

pact, power-efficient module and achieves high detection accuracy 

in line with CPD requirements. In addition to child presence detec-

tion, the system supports further features such as seat occupancy 

detection as well as intrusion and proximity alerts. This allows the 

same sensing technology to be used for multiple safety and conveni-

ence functions.

Challenges in Software Development
The implementation of Novelic’s ACAM solution placed high de-

mands on its embedded software as the system requires complex 

real-time signal processing while maintaining deterministic behav-

ior and meeting strict functional safety requirements. Software de-

velopment tools therefore had to generate highly efficient and pre-

dictable code to meet both performance and safety constraints. 

Novelic used the HighTec Development Platform, including an 

automotive-grade C/C++ compiler to develop and optimize the em-

bedded software of ACAM’s radar-based monitoring capabilities. 

HighTec’s toolchain is optimized for the Infineon Aurix TC3x MCU 

architecture. This MCU family is widely used in automotive safe-

ty-critical systems and provides the performance, reliability, and 

functional safety capabilities required for advanced sensing. 
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Impact of Development Toolchains
HighTec’s multi-architecture compiler support enables developers to 

target multiple processor platforms and future hardware generations, 

allowing companies like Novelic to maintain long-term platform 

flexibility as automotive electronic architectures continue to evolve. 

As HighTec compilers are based on widely adopted open-source 

technologies, development teams benefit from a shorter learning 

curve and reduced vendor lock-in. This enables engineers familiar 

with open-source toolchains to become productive quickly and inte-

grate the tools easily into existing development environments. 

The collaboration between Novelic and HighTec enabled faster de-

velopment cycles and reduced time-to-market. HighTec’s technical 

support team worked closely with Novelic engineers throughout the 

development process, helping resolve technical challenges and ensuring 

that development milestones could be achieved on schedule. 

For demanding applications such 

as in-cabin radar monitoring, sys-

tems must process complex signals 

and detect extremely small move-

ments, e.g. a sleeping infant’s breath-

ing, in real time under strict power 

and performance constraints. HighT-

ec’s compilers generate the optimized 

code required for high-performance 

embedded software. Furthermore, 

HighTec compilers are certified ac-

cording to the ISO 26262 functional 

safety standard up to ASIL-D, the 

highest automotive safety integrity 

level. This gives Novelic confidence 

that the generated code is trusted and 

provides their platforms with a solid 

foundation and a clear path toward 

potential future safety certification. 

In-Cabin Sensing in Future
Vehicle Systems
Not only to meet the requirements of 

the Euro NCAP standard, but to add 

to their vehicles’ safety and conveni-

ence features, more and more auto-

motive manufacturers are integrating 

advanced in-cabin sensing technolo-

gies. In addition to child presence 

detection, in-cabin monitoring sys-

tems can enable features such as oc-

cupant classification, seat-belt re-

minders, driver monitoring, and per-

sonalized vehicle settings. 

As vehicle safety standards evolve 

and regulatory requirements expand, 

solutions like Novelic’s ACAM are 

expected to play an increasingly im-

portant role in helping automotive 

manufacturers meet both safety and 

consumer expectations. Leading tool 

providers such as HighTec help en-

sure that their embedded software 

keeps pace with safety requirements 

and market developments. (na) ■

 Authors: Mario Cupelli, CTO at 

HighTec EDV-Systeme, and Jure Galic, 

Marketing Manager at Novelic 

 Novelic’s ACAM is a 
60 GHz mmWave 
in-cabin monitoring 
radar sensor.

 Picture: Novelic 
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Functional Safety in the Software Era

The Interdependencies of  
Hardware and Software for 
Functional Safety
As safety-critical vehicle functions shift from mechanics to code, functional safety de-
pends on more than robust hardware. Reliable integration, verifiable software behavior, 
and system-level observability become essential.

How do hardware 
and software inter-
act in functional 
safety? Integrated 
design, verification, 
and observability are 
essential for safe au-
tomotive ECUs.

Picture: 2025 Shutterstock AI 
Generator/Shutterstock
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T
he automotive industry is innovating in electrifi-

cation, advanced driver assistance systems, and 

software-defined vehicle architectures, while try-

ing to align to cost and time-to-market constraints set by 

the globally competitive supply chain. As vehicles evolve, 

safety-critical functions that once relied on mechanical 

systems are increasingly implemented in software alone. 

Innovations in vehicle development must comply 

with ISO 26262 for functional safety and ISO 21434 for 

cybersecurity assurance, both of which are recognized as 

state-of-the-art by the automotive industry. This article 

first establishes what constitutes safe hardware and safe 

software in the context of safety-critical ECU functions, 

then examines the challenges of hardware-software inte-

gration, and discusses tools and methods that can be 

used to increase the observability of software behavior 

during hardware-software integration. 

Functional Safety in Hardware Design
When talking about automotive applications FPGAs 

(field-programmable gate array) play a vital role for 

emerging technologies and allow the required flexibility 

until application specific standard products may become 

available. These applications often result in volumes of 

several hundred thousand units and hence statistical ef-

fects play a significant role. Typical applications for FP-

GAs are sensor interfacing and providing extracted in-

formation to a central ECU. The information provided 

by these intelligent sensors is part of a safety-critical de-

cision path, i.e., the triggered behavior may lead to an 

accident or fatality. Algorithms to extract critical infor-

mation typically are implemented in the FPGA fabric, 

hence both the underlying technology as well as the 

specific implementation needs to guarantee that poten-

tial hardware failures can be detected.

Most FPGAs are based on SRAM-technology to hold 

the configuration information defining the functionality. 

This memory is susceptible to single event upsets (SEU) 

caused by, e.g., random charged particles and requires 

on-going health-monitoring and mitigation. Typically, 

mitigation means a reconfiguration of the FPGA which 

causes a short interruption of the device operation, 

which is considered a soft error compared to a hard 

permanent failure. In contrast, Microchip FPGAs are 

built for immunity against SEUs and hence will not re-

quire any resets or cause interrupted operation. Table 1 

compares typical FIT-rates (failure in time) and the re-

sulting number of expected events for SRAM-FPGAs to 

Microchip:

For the comparison 400 FIT for SRAM-based soft 

errors is estimated, considering raw FIT rates and calcu-

lations for configuration-bits essential for the function-

ality. To achieve safety compliance, engineers must 

combine the deterministic, fault-tolerant hardware with 

safety-certified software that ensures predictable, verifi-

able performance and design for hard failures which in-

evitably will happen. 

Controlling Failure – Not Eliminating it
Functional safety is about controlling failure, not elimi-

nating it. It accepts that faults are inevitable, but ensures 

that when they occur, the system reacts in an appropriate 

way.

For safety certification of hardware designs, the Mi-

crochip Functional Safety Package provides documenta-

tion, reliability data, and design guidance to support 

compliance of the implementation tools with SIL 3 (IEC 

61508) and ASIL D (ISO 26262) and allows the design 

using safety decomposition on the hardware for ASIL 

B(D).

However, hardware determinism alone cannot guar-

antee system safety. Software is increasingly responsible 

for control, diagnostics, system update and recovery — 

making its predictability and verifiability equally critical. 

Testing Layers of Functionality in FPGA- and 
SoC-Based Systems
A key question when designing safety-relevant systems 

is whether the various layers of functionality can be ad-

equately tested, and whether the device alone is suffi-

cient to achieve the required level of confidence. The 

answer depends on how each layer is monitored, pro-

tected, and verified (Figure 1):
 ■ Power supply integrity: Correct operation of a device 

depends on a stable and compliant power supply, 

which must be addressed at system level. 
 ■ Hardware configuration: Microchip specifies the 

FPGA configuration to remain intact for at least 20 

years, including immunity against SEUs. This ena-

bles permanent operation without the need to ac-

count for occasional resets. Only user logic state can 

be affected by single-event faults and therefore 

needs protection. For higher safety levels, an inde-

pendent external watchdog can be added. Single 

faults can thus be detected and reported to a higher 

system level (Figure 2).
 ■ Monitoring system components: Ensuring the cor-

rect operation of internal system components is one 

of the main areas where FPGA-based designs differ 

from MCU-based approaches. In MCUs, diagnostic 

coverage is usually fixed, while in FPGAs diagnostic 

mechanisms can often be implemented as needed. 

Clock integrity is a representative example for this 

(Figure 3).
 ■ Protecting communication: Safety-related communi-

cation is typically protected end-to-end, using mecha-

nisms that often are not implemented in the FPGA 

alone; End-to-end protection of data payloads is 

commonly handled by a MCU, where software-based 

safety mechanisms can react to detected errors and 

Figure 1: Required 
functionality layers 
for safe FPGA design

Picture: Microchip
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transition the system into a safe state. By having both 

an internal FPGA watchdog and an external watchdog 

supervising each other, failures in either element can 

be detected by its counterpart.
 ■ Proprietary hardware design: The correct functioning 

of proprietary hardware design elements must be en-

sured. Independent responsibility for design and test-

ing helps
 ■ Reduce systematic faults and increases overall confi-

dence in the safety of the system. Vendors like Micro-

chip provide functional safety packages for multiple 

architectures (PolarFire, SmartFusioon2, IGLOO2, 

IGLOO, ProASIC3). FPGAs need help from software 

to implement critical functions, which will be dis-

cussed in the next section. 

Developing Safe Software
Safety is not an intrinsic property of the software itself 

— it is a property shared between the software, the hard-

ware it executes on, and the safety requirements allocat-

ed to it. In the context of ISO 26262, software is safe 

when it demonstrably fulfils its allocated safety require-

ments at the assigned ASIL (Automotive Safety Integrity 

Level), without contributing to an unreasonable risk at 

vehicle level. Therefore, software cannot be verified in 

isolation: Its safety properties are only fully observable 

and provable in an integrated system, with all compo-

nents present and executing on the target hardware.

ISO 26262 prescribes a structured development 

process following a V-cycle, with verification evidence 

required at each level — unit testing, software integra-

tion testing, and system validation. At the component 

level, static analysis, structural coverage metrics, and 

requirements-based testing collectively provide evi-

dence that each component behaves correctly against 

its specification. 

However, verification is performed against isolated 

component specifications, i.e. the behavior of the com-

bined software on shared hardware may be different. 

ISO 26262 provides two mechanisms to make this in-

tegration tractable. The Hardware-Software Interface 

(HSI) specification formalizes the hardware resource 

assumptions each software component makes. Free-

dom from Interference (FFI) governs interference be-

tween co-located software components, and its cor-

rectness is contingent on HSI validity. 

Challenges When Integrating Hardware and 
Software in Safety ECUs
When multiple software components are integrated on 

a single ECU, the combined hardware demand can 

produce failures that do not exist in any individual 

component, e.g., execution time budget violations, 

watchdog servicing delays, memory bandwidth satura-

tion, and memory corruption. Some failures surface 

only under specific combinations of load, timing, and 

operating conditions that may never be reproduced 

during validation testing. They can’t be reliably in-

duced by a practical test suite, however comprehen-

sive, and they leave no trace under normal integration 

testing conditions.

However, FFI verification performed against an iso-

lated component HSI produces evidence that does not 

cover the combined configuration. ISO 26262 also re-

quires a system-level HSI. The challenge is putting it all 

together in practice: constructing and validating a com-

bined HSI and observing violations of it under the full 

range of operating conditions. 

Tools and Techniques For Observing System 
and Software Behavior
Observing a system without disturbing it is a fundamen-

tal challenge. Non-intrusive hardware trace, implement-

ed on-chip on modern automotive MCUs, is the most 

Figure 2: Example 
setup to achieve 
HFT=1 with FPGA

Picture: Microchip

Figure 3: Frequency 
monitoring inside 
FPGA: The clocks for 
the two independ-
ent logic-blocks 
“Logic 1” and “Logic 
2” are defined at de-
sign time.

Picture: Microchip
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effective method to observe system behavior 

during integration. Depending on the hard-

ware configuration, the produced trace 

stream can include information about the 

activity of peripheral devices and bus trans-

actions within the chip.

Tools that record and analyze such 

hardware traces provide precise insight 

into hardware and software interactions 

during integration testing. Because the 

trace hardware shares a clock domain with 

the cores and peripherals it observes, the 

resulting event timeline is inherently co-

herent and timestamped. This enables cor-

relating hardware events with software re-

sponses. In multicore systems this capabil-

ity is particularly valuable: a logical soft-

ware function is frequently decomposed 

across cores. The execution flow across 

cores, and the timing violations that arise 

from inter-core dependencies are only vis-

ible if the tool reconstructs execution flow 

across all cores on a single coherent time-

line (Figure 4).

The snapshot represents a time window 

in which the failure of an audio system has 

been captured. It is visually clear how the 

regular execution pattern of the software is 

interrupted. Using the tool to inspect why 

audio interrupts were not handled by their 

dedicated core in time, the root cause was 

determined to be a misconfigured driver for 

the GPU. Typically, the closer a system gets 

to its production state, the less hardware 

trace capabilities are present. To account 

for this, software trace can be employed. 

Two important aspects must be accounted 

for in this case. First, the trace must not be 

intrusive to the point that it changes sys-

tem behavior. Second, the enabling and 

disabling of software trace must not have a 

significant impact in on the software con-

figuration.

Integrating tracing tools into continuous 

development and integration workflows in-

creases the probability that dangerous oper-

ating conditions are observed before they 

reach the field. It also enables a more accu-

rate oversight of the integrated software 

system as components evolve across the de-

velopment program.

Summary: Observability is cruicial 
for functional safety
As more vehicle functions start to rely solely 

on software for their safe operation, the 

need to achieve functional safety for soft-

ware-driven systems is becoming critical. To 

achieve this, a Hardware-Software Interface 

(HSI) specification is required at both com-

ponent and system level. However, combin-

ing a myriad of individually verified soft-

ware components together with a hardware 

platform and proving correct behavior is a 

challenge that can only be fully addressed 

during integration.

Using the right tools and processes can 

significantly help, because they provide ob-

servability in the integrated system, allowing 

for precise verification and failure analysis. 

Their most valuable application is the detec-

tion and remediation of intermittent failures 

which are difficult to reproduce reliably. 

Crucially, this observability enables remedi-

ation before failures are discovered in the 

field. (na) ■

 Authors: Martin Kellermann, FPGA Product 

Marketing Manager at Microchip

Nikola Velinov, Senior Business Development 

Engineer at Green Hills Software 

 Figure 4:  Snapshot of the Green Hills Software History viewer, displaying a recording of a sys-
tem which runs on a multicore processor, integrates multiple OSes, and executes mixed-critical-
ity functions.

 Picture: Green Hills 
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 T
he term SDV is widely used to describe a para-

digm shift in vehicle concept development, 

where software is increasingly decoupled from 

hardware. However, discussions often focus solely on the 

software aspects, such as centralized computing, data 

processing, in-vehicle networks, and service-oriented 

software architectures. Yet the hardware side also de-

serves attention, especially when it comes to the equally 

new electrical/electronic (E/E) architecture, which is 

currently evolving toward a zonal architecture. A key 

element of this transformation is the decentralization 

and electrification of power distribution. This approach 

reduces the wiring complexity and costs, secures free-

dom from interference for fail-operational systems, and 

 Figure 1: Cause-effect chain link-
ing SDVs and power distribution.

 Picture: Infineon 

Automotive electronic fuses 

 Implementing intelligent Power 
Distribution in SDVs  
 A key enabler of SDV is the power distribution system, which must be configurable, 
highly available, and capable of rapid fault detection and isolation. Electronic fuses 
(eFuses) fulfil these requirements by combining switching and protection with integrat-
ed sensing and diagnostic intelligence that enable immediate fault isolation at the 
source. 

enable

empower

Influence

require
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Figure 2: Cur-
rent-time Itrip char-
acteristic of the 
eFuse to secure a 
safe operating area 
of loads and protect-
ed area of the power 
distribution system.

Picture: Infineon

enables more efficient energy management by actively 

controlling the energy flow while driving and during 

parking. With the electrification of the power distribu-

tion, the eFuse features of switching capability, diagnos-

tic capability, and configurability offer software-based 

system optimization in SDVs (Fig. 1).

An Overview of the Power Distribution 
System
Power distribution refers to the controlled transport of 

energy from the sources to all endpoints in a vehicle via 

the power distribution system (PDS). The PDS is func-

tionally organized in a high-current primary power 

distribution close to the source and a subsequent, low-

er-current, secondary power distribution. The primary 

power distribution is the first instance to divide electri-

cal power into well-defined supply lines, either directly 

to high-current applications such as braking, steering, 

suspension, central computer, or to secondary power 

distribution. Based on the zonal concept of E/E architec-

ture, the secondary power distribution is decentralized 

and integrated into the zone controllers.

With new SDV applications, total power consump-

tion may rise from 3 kW up to 9 kW, simultaneously 

leading to greater power losses in the system. To miti-

gate these losses and to supply sufficient energy, a 48 V 

voltage class will be implemented, affecting the entire 

PDS: the 12 V primary power distribution transitions to 

48 V, while the secondary power distribution must sup-

ply both 48 V and 12 V endpoints over extended 

periods. Consequently, zonal 48 V/12 V DC/

DC power conversion becomes necessary.

The power distribution system is 

particularly important for 

high-availability systems. It ena-

bles the power supply of indi-

vidual safety-relevant vehicle 

features, including brak-

ing, steering, and percep-

tion of the environment, 

and must therefore also 

be highly available. 

Due to the safety-rele-

vant vehicle functions, 

the vehicle power dis-

tribution system must 

meet the increased 

safety and correspond-

ing development re-

quirements defined in 

ISO 26262:2018. The func-

tional safety requirements, 

for example automated driving 

and X-by-wire, require the total 

power supply network to be availa-

ble in ASIL D.

The need for a highly available power 

supply has a profound impact on the architec-

ture of the vehicle power distribution system. To 

ensure high availability, especially in safety-critical ASIL 

D applications, primary and secondary power distribu-

tion must be designed with redundant supply paths and 

fast fault isolation mechanisms.

Electronic fuses (eFuses) serve as key safety ele-

ments in these architectures. As solid-state, resettable 

devices, they integrate a high-side driver and DMOS 

power stage to control the power flow, combined with 

built-in self-protection and diagnostic intelligence. 

This enables autonomous, fast fault detection and iso-

lation directly at the point of load, preventing fault 

propagation and maintaining power availability on 

redundant paths.

To meet the stringent requirements of safety-critical 

vehicle systems, the design and development of eFuses 

must comply with ISO 26262, supporting robust, redun-

dant ASIL D power supply concepts under all operating 

conditions.

Key eFuse Use Cases in SDVs
As it is used as a safety element in the power distribution 

system as well as in the context of software defined vehi-

cle, the eFuse needs to perform a number of tasks to 

support system requirements, leading to specific use 

cases.

Load Control and Self-Protection:  Electronic fuses 

control loads while protecting themselves. This includes 

simple on/off switching that requires the capability to 

charge a capacitor during turn-on, as well as PWM-ca-

pable control that meets EMC requirements. The eFuse 

has to ensure that the load is supplied constantly within 

a defined current time interval and is not unintendedly 

disconnected from the power supply system. A so-called 

“safe operating area” of loads must be ensured (Fig. 2). 

At the same time, integrated protection mechanisms 

safeguard the eFuse against overvoltage and thermal 

stress. To overcome thermal overstress, both overtem-

perature and overcurrent protection features are inte-

grated. The overcurrent protection is intended to react 

faster to an overcurrent event like a short circuit in order 

to reduce the thermal stress in the eFuse during the 

overcurrent event, but also during demagnetization of 

the attached wire via the eFuse after the overcurrent 

disconnection.

Wire Protection:  The eFuse must also protect the 

wiring harness – including connectors and PCB traces 

– from thermal overstress. This wire protection en-

sures a protected area of the power distribution sys-

AUTOMOBIL ELEKTRONIK E/E-Entwicklung für Entscheider • 03/2026   35

Safety + Systems

1778666292-fdsor.indd   35 5/13/2026   11:58:14 AM



tem. To prevent wire harness overheating, the eFuse 

controls the permitted rise in the wire temperature 

(ΔT) by measuring the current, converting it into an 

I2t ratio over time, and transforming it into the ther-

mal domain by using a first-order low-pass filter. Dif-

ferent wire gauges and routing conditions require also 

different I2t protection levels per device, and precise 

protection characteristics allow for optimization of the 

wire diameter. The eFuse should provide standalone 

hardware protection that remains active even if the 

ECU is degraded or is in standby mode, eliminating 

the need for software support.

Power Supply Protection: These functions are com-

plemented by power supply protection. The eFuse must 

quickly isolate any kind of electrical fault to protect the 

power distribution system against voltage drops, thereby 

ensuring the power supply maintains within the defined 

voltage range and time interval for all kinds of highly 

available loads. To enable effective power supply protec-

tion in addition to wire protection and integrated over-

temperature (OT) and overcurrent (OC) self-protection 

features, a fast switch-off function is needed. This ena-

bles switch-off times of less than 50 μs commanded by 

an external signal.

Connection and Isolation: One eFuse fail-operational 

use case is to connect or isolate two power distribution 

systems. Fast disconnection keeps sub-power distribu-

tion systems independent during faults, ensuring free-

dom from interference between them. Conversely, con-

trolled connection enables power transfer for redundan-

cy, which is particularly important for autonomous 

driving functions. Independent, bidirectional adjustable 

protection is required to handle faults regardless of the 

power flow direction and to prevent back-feeding of a 

failed sub-power supply system. Special diagnostics, 

monitoring, and health-check functions support high 

availability, while software-configurable strategies and 

fallback settings ensure predictable behaviour even 

when the controlling ECU is unavailable.

Active During Parking: In addition to the functional 

safety use cases, SDV features often require remaining 

partially active even when the vehicle is parked. Such 

features include telematics, remote services, vehicle ac-

cess, and charging. In this context, eFuses are required to 

keep selected loads powered during parking while mini-

mizing their own current consumption. The device 

should consume less than 50 μA in parking mode when 

the loads are in a low-current state and should avoid 

unnecessary voltage drops by automatically exiting park-

ing mode when the load requires, e.g., a cyclic wake-up 

nominal current. Protection mechanisms and their ASIL 

allocation must also remain available in parking mode, 

with clear signalling – a flag is set whenever a protection 

mechanism is triggered or unexpected load over-con-

sumption is detected.

Data Exchange:  Finally, eFuses act as distributed 

sensors. Upon request, they provide reliable and accu-

rate physical data, including voltage, current, tempera-

ture, and wire temperature increase (ΔT), as well as sys-

tem status information. This measurement layer is valu-

able for SDV functions such as fleet-based calibration 

improvements, predictive diagnostics, and dynamic ad-

justment of protection thresholds. Software-defined de-

fault and safety behaviour also helps align the power 

distribution layer to evolving vehicle functions and 

safety concepts. Moreover, eFuses are configurable via a 

digital interface, such as SPI, enabling adjustment of in-

tegrated features like the aforementioned wiring harness 

protection, OC protection settings, or fail-safe status via 

software. In other words, a single hardware component 

can be used for different applications or installation lo-

cations through software configuration. This is another 

example of how SDVs influence power distribution and 

how eFuses help enable SDV aspects.

Figure 3 illustrates the described use cases and the 

multiple benefits of eFuses in the form of smart power 

switches or gate driver + MOSFET replacing fuses and 

relays in an electrified power distribution system.

Implementation Examples of eFuse Solutions
The eFuse functions and use cases described are im-

plemented in specialized device families. Infineon of-

fers a range of eFuse solutions designed for circuit 

protection, load control, and high-availability power 

distribution in SDV architectures. For instance, the 

PROFET Wire Guard is an eFuse designed for embed-

 Figure 3: Use cases of 
eFuses in the form of 
smart power switches 
or gate driver + MOS-
FET replacing fuses 
and relays in an elec-
trified power distribu-
tion system.

 Picture: Infineon 
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ded wire and system protection, featuring integrated 

I2t calculation that can be adjusted to match the wire 

profile and system requirements. It includes an auto-

matic idle mode to maintain full load control and 

self-protection in parking mode while minimizing 

power consumption. With an adjustable overcurrent 

threshold, the device provides deterministic and rapid 

isolation of faults in the power supply and is developed 

in compliance with ISO 26262 for safety-relevant ap-

plications.

The SPOC Wire Guard provides standalone, hard-

ware-based wiring protection with integrated I2t func-

tionality and is configurable via a digital interface such 

as SPI. An idle mode minimizes power consumption 

during parking. Combined with configurable overcur-

rent protection, the device enables fast and precise fail-

ure isolation and includes a safety manual for integration 

into automotive safety systems under ISO 26262. Cus-

tomer-programmable non-volatile memory allows stor-

age of configurations, including safe states, supporting 

late-stage adjustments in the field. Configurable under-

voltage lockout shields load based on priorities, which 

stabilizes power networks.

For higher-current applications, the combination of 

EiceDRIVER APD and MOSFET provides a discrete 

solution. The EiceDRIVER APD incorporates all the 

functionalities of Wire Guard families. The OptiMOS 

LinearFET is suitable for disconnect switch applications, 

offering low on-resistance (R
(DSon)

), a wide safe operating 

area, and good paralleling characteristics in linear mode. 

It supports controlled inrush current into capacitors and 

improved energy handling during slow switching and 

short-circuit conditions. In addition, reduction of appli-

cation complexity and bill of materials is enabled by 

fewer external protection components and no dedicated 

pre-charging circuitry.

Summary
A key aspect of SDV functionality is cloud connectivity 

and the ability to update software, promising continuous 

optimization of vehicle functions and safety. SDVs gen-

erate an incredible amount of vehicle data daily, which is 

analysed in the cloud and used for predictive mainte-

nance and data-driven development. In this context, in-

telligent power distribution with eFuses contributes to 

improved vehicle energy efficiency and energy manage-

ment by providing continuous and reliable data. In par-

ticular, the data exchange delivers precise physical data 

on demand, which is valuable for SDV features such as 

fleet-based calibration improvements, predictive diag-

nostics, and dynamic adjustment of protection thresh-

olds. (bs) ■
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Individually tailored and universal

The semiconductor paradox in 
today’s cars
Modern vehicles depend on more and more semiconductors, yet that is precisely where 
the paradox lies: technological progress boosts performance, connectivity and comfort 
while simultaneously increasing complexity, costs and supply chain vulnerability.

Why is the semicon-
ductor paradox in 
today’s cars grow-
ing? More chips ena-
ble innovation, but 
increase complexity, 
costs and supply 
risks.

Picture: sonram - stock.
adobe.com
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 T
oday’s vehicles require semiconductors that can 

be easily assembled like a universal toolkit and 

deployed across the entire E/E architecture, yet 

still be configured to such an extent that they meet an 

OEM’s specific software, safety and efficiency require-

ment. This apparent paradox is resolved when semicon-

ductors are no longer viewed as isolated single-purpose 

devices but as modular platforms that combine different 

functional and performance profiles, along with match-

ing safety concepts, on a common technology founda-

tion.

New vehicle E/E architectures
Vehicle E/E architecture is evolving from various nar-

rowly focused applications towards zonal and do-

main-based concepts with central high-performance 

computers and powerful zonal nodes featuring edge-AI 

capabilities. Instead of equipping every function, such as 

window lifters, seat adjustment, lighting, radar or steer-

ing actuators, with a dedicated custom chip, OEMs in-

creasingly rely on broadly applicable MCUs and SoCs 

that support multiple tasks and are configured via soft-

ware (Figure 1).

This architecture follows the principle of “central in-

telligence, distributed compute”: central computers han-

dle complex ADAS, infotainment and vehicle functions, 

while zonal controllers act as gateways, sensor hubs and 

actuator controllers in each vehicle while also perform-

ing initial local processing and evaluation steps. As a 

result, the number of ECUs and wiring harnesses de-

creases, while data rates, safety requirements and the 

number of software functions rise significantly – a com-

bination that is impossible to manage without semicon-

ductors that are both widely deployable and highly ad-

aptable. For semiconductor strategies, this means OEMs 

and Tier 1 suppliers are moving to chip families that can 

play different roles – from simple body controllers to 

safety-critical ECUs. Tailored solutions arise less from a 

multitude of completely different ASICs and more from 

scalable platforms offering variants in memory size, 

compute performance, interfaces, safety level and pack-

aging.

Subscription models, performance headroom 
and energy demand
With software-first and subscription-based business mod-

els, vehicles are turning into a versatile, software-defined 

platform where hardware-ready features can be unlocked, 

expanded or adapted via licenses over the entire vehicle 

lifetime. Even in entry-level segments, this requires semi-

conductors that offer significantly more performance than 

initially used. It includes, for example, supporting addi-

tional comfort features, higher levels of automation or new 

diagnostic services that can be rolled out even years after 

the vehicle has already been shipped. This places consider-

able demands on the performance and, above all, the reli-

ability of the semiconductors (Figure 2).

This performance headroom must not become a per-

manent load on the onboard power supply, especially in 

electric vehicles with long parking and monitoring phases. 

Always-on functions such as environmental sensing, tele-

matics, OTA connectivity and safety monitoring increase 

the energy consumption of the electronics, while range 

and overall efficiency remain key metrics. Semiconductor 

platforms therefore need to support advanced energy 

management concepts – from deep-sleep modes and dy-

namic voltage and frequency scaling to intelligent work-

load distribution within the devices, for example between 

cores and peripheral blocks. On the system level, intelli-

gent strategies are also required: for instance, shifting 

computationally demanding tasks into short, clearly de-

fined activity windows while allowing large parts of the 

hardware to remain in highly efficient low-power states 

most of the time. In addition, mechanisms such as graceful 

degradation, adaptive quality levels for sensors, and da-

ta-driven optimization of energy consumption are gaining 

importance to continuously improve the interaction be-

tween software functions and semiconductor platforms in 

the field.

At the same time, sustainability pressure is increas-

ing. OEMs expect semiconductor solutions that are not 

only efficient in operation but also offer high yield, long-

term availability and robust reliability to minimize retro-

fits, spare-part diversity and premature obsolescence. 

Universal platform chips can contribute to this by driv-

 Figure 1: Schematic of a zonal vehicle architecture. Main CPUs controls most of the 
vehicle electronics with a few specialized controllers e.g. Battery or Engine.

 Picture: Globalfoundries 

 Figure 2: Performance increase of car semiconductors over the last year. The esti-
mation is based on the semiconductor types used during evaluated time frame and 
is normalized to the performance of 2010. By 2024 the performance increased by 
about 10x. This trend will keep accelerating.

 Picture: Globalfoundries 

AUTOMOBIL ELEKTRONIK E/E-Entwicklung für Entscheider • 03/2026   39

Components + Tools

1778585140-g6cob.indd   39 5/12/2026   1:25:43 PM



ing higher manufacturing volumes and longer lifecycles, 

which in turn improve fab efficiency and simplify vari-

ant management in the field.

From the semiconductor manufacturer’s perspective, 

this approach also offers advantages: It reduces product 

variants while increasing the production volume of plat-

form components which unlocks significant scale ef-

fects. Process control in manufacturing relies on statisti-

cal evaluation of production data, which becomes more 

robust at higher volumes, thereby simplifying process 

control. In practice, this typically translates into higher 

yields and better quality that can be achieved more 

cost-effectively and efficiently.

Technology levers for universal chip 
platforms
To partition software from hardware, balance perfor-

mance, energy efficiency and scalability, modern auto-

motive semiconductors increasingly rely on process 

technologies that support digital high-performance log-

ic, mixed-signal, RF, mmWave, NVM and power func-

tionality within a single node. FD-SOI-based processes 

are particularly relevant here, as the isolating substrate 

layer and body-bias techniques enable operation at very 

low voltages and deliver significant advantages in leak-

age and dynamic power compared to conventional bulk 

CMOS (Figure 3).

This allows for the development of MCUs that pro-

vide high performance in active mode while remaining 

available for long periods in standby with minimal ener-

gy consumption – a crucial capability for zonal control-

lers or continuous vehicle monitoring. At the same time, 

these technologies enable integration of embedded 

non-volatile memories (e.g., eFlash, MRAM, RRAM), 

robust high-voltage drivers and RF/mmWave blocks for 

radar or connectivity on a single chip, reducing system 

complexity, component count and overall cost. Another 

lever is the systematic use of design platforms: reusable 

IP libraries for CPU cores, peripheral blocks, security 

modules, network interfaces and safety mechanisms 

make it possible to derive multiple device families for 

different in-vehicle tasks from the same technology. This 

keeps mask costs and development times under control, 

while OEM-specific differentiation continues to be 

achieved via configuration, IP selection and software 

implementation.

In addition, clearly defined automotive process tech-

nologies with guaranteed quality levels, mission-pro-

file-qualified temperature ranges and adapted supply mod-

els such as turnkey (wafer manufacturing plus packaging 

and test) can improve quality, reliability and long-term 

availability. This significantly reduces product risk already 

early in the project phase and accelerates industrialization 

of new derivatives, as qualification, reliability data and 

supply commitments are aligned with automotive lifecy-

cles and operating conditions.

How “custom” is being redefined
Today, the notion of “custom” is shifting from fixed 

hardware toward programable flexibility: a semiconduc-

tor platform is considered custom-tailored when it offers 

a modular base architecture that can be precisely adapt-

ed to different OEM E/E architectures, vehicle 

segments and functional scopes via variants and 

configuration. This includes options for scaling 

CPU performance, different memory and I/O 

configurations, safety concepts up to ASIL D, 

differentiated security features and dedicated IP 

blocks for radar, motor control or power distribu-

tion (Figure 4).

Under this new definition, ‘custom’ means the 

hardware remains constant while the vehicle’s 

identity evolves through software. By moving 

away from bespoke, one-off chips in favor of a 

standardized technology platform, semiconduc-

tor suppliers offer a versatile ‘silicon backbone’ 

for the E/E architecture. This approach elimi-

nates supply chain headaches, as fewer distinct 

part numbers need to be managed and qualified 

over the long term. (na) ■

Author: Dr. Oliver Aubel, Corporate Lead Auto-

motive Solutions at GlobalFoundries Fab1 in 

Dresden

Figure 3: Estimated reduction of power consumption using advanced technologies 
such as Fully Depleted (FD) – SOI with the benefit of back-bia.

Picture: Globalfoundries

Figure 4: Examples for multi-purpose semiconductors combining several activities into one 
Chip / Controller.

Picture: Globalfoundries
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T
o ensure that vehicles function reliably, comply 

with emission limits, and can be operated safe-

ly, they must continuously monitor themselves. 

This continuous self-monitoring is known as diagnos-

tics, or more specifically, On-Board Diagnostics 

(OBD): In modern vehicles, OBD detects faults in 

electronic systems, evaluates their impact, and stores 

them using standardized diagnostic codes, while also 

alerting the driver when necessary – for example, via 

the Malfunction Indicator Light (MIL).   The DTCs 

(Diagnostic Trouble Codes) can be read via the diagnos-

tic interface, which is fully standardized.

Classic Diagnostics from a Technical 
Perspective
Classic vehicle diagnostics is based on an architectural 

model in which each function is assigned to a clearly 

defined ECU. Diagnostics thus refers to the physical 

ECU, its implemented software versions, and its defined 

measured values and error codes. Each ECU has 

hard-coded UDS services and logs errors in the form of 

DTCs. UDS stands for Unified Diagnostic Services and 

represents a standardized diagnostic service protocol.

The corresponding data structures are static and 

must be fully specified during development. If new func-

From OBD to SOVD

How to Successfully Implement 
Diagnostics for the SDV
Diagnostics are mandatory, and based on the ASAM SOVD standard, implementing di-
agnostics in the software-defined vehicle (SDV) is more than just a breeze. SOVD also 
opens up entirely new possibilities. An overview.

How does SOVD im-
prove diagnostics in 
software-defined ve-
hicles? Dynamic ser-
vices, scalable diag-
nostics, and OTA-
ready architectures 
extend classic OBD.

Picture: The Little Hut - 
stock.adobe.com
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tions are added or existing ones expanded, this requires 

a change to the diagnostic description, which in turn 

leads to significant additional effort and dependencies 

between suppliers and OEMs. Furthermore, a software 

update of the vehicle will have to be made.

These analyses are primarily based on local data from 

individual ECUs. As a result, the ability to perform 

cross-system root cause analysis is quite limited. With 

the shift from a distributed architecture—featuring over 

100 ECUs per vehicle—to a zonal architecture that relies 

primarily on HPCs (high-performance computers), tra-

ditional diagnostics via UDS and OBD are clearly reach-

ing their limits. SOVD will at least significantly simplify 

and accelerate the diagnostics. 

Service-Oriented Diagnostics
Service-oriented diagnostic systems move away from 

this ECU-centric focus and treat diagnostics as a dynam-

ic system function that can be distributed across multi-

ple software and hardware nodes. Software modules of-

fer diagnostic functions as services that can be discov-

ered, orchestrated, and executed within the vehicle net-

work during operation.

SOVD (Software-oriented vehicle diagnostics), a 

standard from ASAM (and ISO 17978) for vehicle diag-

nostics, is an approach that directly adapts diagnostic 

mechanisms to the principles of service-oriented archi-

tecture models, which have been well-known in comput-

er technology for many years.

At the heart of this approach is the fundamental idea 

of no longer viewing diagnostics solely as a local func-

tion of individual ECUs, but rather as a distributed, dy-

namically instantiable capability. Each individual soft-

ware component relevant to the diagnostic system makes 

its diagnostic functions available as standalone services 

that can be discovered and integrated via standardized 

interfaces within the vehicle; diagnostics thus become 

flexible and evolvable. Crucially, unlike traditional OBD, 

SOVD no longer relies on statically defined data sets but 

is generated at runtime from the diagnostic options 

available at any given moment and appropriate to the 

situation.

New software services then immediately bring their 

own diagnostic capabilities with them and no longer 

need to be integrated into a static diagnostic scheme. 

The execution itself can be distributed among ECUs, 

central high-performance computers (HPCs), and cloud 

infrastructures, making significantly more computing 

power and contextual data available. In addition, OTA 

updates can be performed much easier.

Service and Communication Diagnostics
Service-oriented diagnostics take into account not only 

local error states but also communication-related con-

texts, dependencies between services, temporal patterns, 

and series of historical measurement values. This creates 

a holistic view of the system that identifies chains of 

causes rather than merely presenting symptoms.

SOVD: From Reactive to Proactive
While traditional diagnostic systems operate primarily 

in a reactive manner and report threshold violations af-

ter an issue has occurred, SOVD enables proactive eval-

uation. SOVD makes it possible to identify anomalies 

even before a defined fault condition is reached. This is 

particularly important given the increasing complexity 

of software and the growing number of distributed func-

tions in the vehicle. The ability to dynamically bind ser-

vices allows the system to establish diagnostic paths only 

when they are actually needed. This feature makes diag-

nostic tools faster, scalable and adaptable, which is cru-

cial for vehicles such as SDVs that receive continuous 

software updates and functional retrofits. 

SOVD is a perfect fit for the SDV and highly 
flexible
In summary, traditional diagnostics primarily address 

the behavior of individual ECUs and their static fault 

maps. SOVD, on the other hand, implements a distribut-

ed, flexible diagnostic system based on dynamic soft-

ware services, thereby enabling a level of diagnostic 

quality that matches the reality of service-oriented vehi-

cle architectures. When we speak of a software-defined 

 Thanks to the Sibros 
software extension, 
the migration to 
SOVD is completely 
seamless.

 Picture: Sibros Technologies 

 A typical SOVD ar-
chitecture within a 
vehicle.

 Picture: Sibros Technologies 
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vehicle (SDV) in everyday language, we mean “ser-

vice-oriented vehicle architecture.” In short: SOVD and 

SDV are a perfect match.

A key feature of SOVD is the dynamic discovery of 

the required diagnostic functions. Instead of defining 

fixed diagnostic paths, the system automatically deter-

mines which services are available and suitable for a 

specific analysis. Thus, during operation, the vehicle 

maps out a diagnostic path that results from the interac-

tion of the involved services. This flexibility is particu-

larly relevant in vehicles whose software scope changes 

over their lifetime due to OTA (Over-the-Air) updates 

or service extensions. New functions can immediately 

provide diagnostic capabilities without requiring any 

adaptation of the previously implemented diagnostic 

architecture. 

Distributed Diagnostic Tasks
Equally important is the ability to distribute diagnostic 

tasks across the vehicle network. Vehicles with SDV ar-

chitectures feature powerful central computers capable 

of performing extensive analyses. At the same time, edge 

control units continue to exist, performing local status 

checks and rapid self-tests. Service-oriented diagnostic 

systems make targeted use of this structure and adapt the 

execution of a diagnosis to the available service struc-

tures. Computationally intensive evaluations can also be 

performed quickly in backend infrastructures as needed, 

provided that functional and regulatory conditions per-

mit this. Diagnosis is thus no longer limited to the phys-

ical capabilities of a single control unit but instead utiliz-

es the entire available hardware network.

Another advantage lies in the expanded use of con-

textual information. While traditional diagnostic ap-

proaches primarily detect 

local fault symptoms, ser-

vice-oriented diagnostic sys-

tems enable access to exten-

sive data sets. These include 

time series of physical meas-

urement values, service de-

pendency graphs, metrics 

related to communication 

quality within vehicle net-

works, and software-side sta-

tus data that provide insight 

into different configuration states or the latency of criti-

cal function paths. By linking this information, fault 

scenarios can be identified that would have remained 

hidden in traditional systems. 

SOVD in Practice – Including Legacy Systems
To use SOVD in a vehicle, an OEM needs the appropri-

ate firmware. Sibros’ firmware fully leverages the poten-

tial of SOVD and also helps simplify diagnostics per se. 

A good example of this is OTA updates. With Sibros 

firmware, the OEM no longer has to worry about each 

individual ECU, because the firmware delivers the ap-

propriate software package to the respective ECU and 

performs the update.

Sibros has actively participated in the ASAM com-

mittee, which developed ISO 17978, the first standard 

for diagnostics. ISO 17978 builds upon traditional UDS 

diagnostics, and communication via UDS will still be 

possible within the SOVD framework. This means that 

traditional ECUs, such as an ABS control unit, can con-

tinue to be used, updated and diagnosed within the 

SOVD framework. An HPC with the appropriate firm-

ware installed fully manages its downstream ECUs—in-

cluding legacy ECUs such as an ABS control unit.

The HPCs act as service providers for all lower-level 

ECUs connected to them; hence the term “service-ori-

ented.” SOVD uses JSON as its standard protocol, and 

JSON operates according to Internet guidelines (using 

REST APIs and HTTP), meaning that Internet develop-

ers are now also in demand for automotive software de-

velopment. 

SOVD is good for security
By using standard Internet security mechanisms within 

the SOVD framework, OEMs can also manage the entire 

security landscape in the vehicle much more easily and 

comprehensively. When an OEM uses the Sibros plat-

form, it can simultaneously utilize its own proprietary 

communication logic within the vehicle, which can pro-

vide additional security.

By using the Sibros firmware, OEMs can already en-

joy all the benefits of SOVD, with the OEM providing 

the hardware and data; the firmware handles the rest, 

acting as a framework for the standards-compliant han-

dling of data within the SOVD framework. All parame-

terization, the framework conditions, and the data itself 

originate from and remain with the OEM. Thus, SOVD 

based on Sibros firmware forms a central component of 

the technical foundation upon which true software-de-

fined vehicles will be built. (na) ■

Author: Hemant Sikaria, CEO of Sibros Technologies

The advantages of 
SOVD in a nutshell.

Picture: Sibros Technologies

While UDS primarily displays raw error codes, SOVD offers many options for visual-
ly appealing and complex data presentation. Here is an example of a SOVD diag-
nostic client based on the IVI (In-Vehicle Infotainment).

Picture: Sibros Technologies
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The software-defined vehicle
Software defines what a vehicle can do. 

Semiconductors make sure it works.

As the global market leader in automotive semiconductors, Infineon helps accelerate the market

introduction of software-defined vehicles (SDVs).

 

Complexity rises as E/E architectures shaped by SDVs evolve from domain-based to zonal.

The right choice of semiconductors enables the transition from domain-based to zonal architectures, 

reduces complexity and aligns real-time computing, fast connectivity, intelligent power distribution,  

and strong cybersecurity. 

The benefits:

 – Fast time-to-market with low integration risk

 – Software reuse across platforms

 – Seamless over-the-air updates

 – Improved economy and energy efficiency

Infineon, a powerful partner for the SDV evolution.

Visit www.infineon.com/software-defined-vehicle
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The AudioAnalyzer is 
available in various 
models depending 
on requirements.

Picture: MCD

How Does the Car Sound?

Audio analysis of in-vehicle info-
tainment systems
Reliable audio analysis is essential for modern in-vehicle infotainment systems. Objec-
tive testing of voice output, control functions, music and component noise helps ensure 
clear sound, robust communication and reproducible quality in development and pro-
duction.

A
t a time when infotainment systems are becom-

ing increasingly important in vehicles — often 

jokingly referred to as “smartphones on wheels” 

— the testing of these systems is becoming more critical 

as well. Voice output and voice control, in particular, can 

provide valuable support for increasingly complex vehi-

cle functions, making driving easier and safer  for the 

driver. This is because modern infotainment systems 

integrate car radios, navigation systems, hands-free sys-

tems, driver assistance systems and other functions. In 

addition to  audio signals, digital information is con-

stantly exchanged with the vehicle, often via mod-

ern cellular communication standards.

In Search of “Pure Sound”
An important aspect is the audio quality itself, but also 

how it integrates into the vehicle’s  environment. After 

all, real-world driving conditions typically don’t match 

the controlled  conditions of a living room or concert 

hall. However, important information must always 

reach the user clearly and reliably. Even when it comes 

to purely entertainment-based functions like  music or 

audiobooks/podcasts, listeners’ expectations are higher 

today than they were in the days of crackling and stat-

ic-filled FM radios. Vehicle manufacturers and their 

suppliers  therefore require test equipment capable of 

objectively and reproducibly verifying and  calibrating 

the quality of audio transmission. Such testers must be 

able to capture, analyze and display analog and digital 

audio signals with the highest possible integrity. This 

gives rise to various requirements. Among other things, 

high-quality, precise audio A/D converters are essential. 

The number of channels can also be critical for captur-

ing as many signals as possible at once. In addition to 

frequency and various signal level measurements, to-

tal  harmonic distortion (THD) and FFT spectrum 

measurements are often required for analyzing  audio 

signals. An integrated signal generator can also be useful 

in practice, as it allows for  the generation of various 

signal waveforms and modulation types as test signals.

The MCD AudioAnalyzer Toolmonitor
A proven audio analyzer for this application is the Audi-

oAnalyzer from MCD Elektronik in Birkenfeld, which is 

available directly from MCD Elektronik or through 

distribution partners  such as Meilhaus Electronic. It is 
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available in various models depending on requirements. 

At the heart of all variants is the “AudioAnalyzer” soft-

ware, which centrally bundles all monitoring and analy-

sis functions. This control software operates as a stan-

dalone application for controlling the hardware variants. 

It offers the ability to remotely control or query all func-

tions and measured values from other programs. This 

remote control can be implemented using various soft-

ware interfaces such as .Net SDK, Socket, WebAPI, 

or  Command Line. The AudioAnalyzer Toolmonitor 

features an intuitive graphical user interface  and in-

cludes functions such as an oscilloscope, FFT spectrum, 

and measurements of AC, DC, RMS value, THD, FREQ, 

SINAD, and more. Captured signals, their frequency/

phase response, and other results can be visualized di-

rectly within the software. The generation of test signals 

and modulations (AM, FM, PM) is also supported.

AudioAnalyzer Hardware
In terms of hardware, the MCD AudioAnalyzer is avail-

able in four configurations designed to meet a variety of 

audio analysis needs. The Compact USB Edition is a 

compact, USB 2.0- compatible variant for direct connec-

tion to a PC and is ideal for space-saving worksta-

tions and quick measurements.

The Rack Edition is designed for installation in 

standard 19-inch systems and can be conveniently con-

trolled via USB from a host PC. The Standalone Pro Edi-

tion operates completely independently with an inte-

grated PC and enables measurements without external 

control. The SmartModuleS Edition is a flexible module 

for the MCD SmartModuleS system. In this configura-

tion, up to two balanced stereo inputs and outputs can 

be configured and additional modules can be integrated 

into larger enclosures such as an 84 HP SmartModuleS 

enclosure. All variants are available as standard from 

MCD Elektronik and offer maximum flexibility for pro-

fessional audio analysis in research,  development and 

production. All models feature an analog, balanced ste-

reo input (1 mV–50 V rms, two XLR jacks) and 

an analog, balanced stereo output (1 mV–15 V rms, two 

XLR connectors). In addition, there is a digital/optical 

S/PDIF input and output with sample rates of up to

192 kHz (two TOSLINKcompatible connectors) and a 

digital coaxial S/PDIF input and output (depending on 

the model, two RCA jacks or two BNC connectors). The 

sample rates are 44.1 kHz, 48 kHz, 96 kHz, or 192 kHz 

with 24-bit resolution. The models differ in form factor 

and whether they  include an integrated PC; the core 

features themselves are identical. In addition to clas-

sic  audio measurement of signals from sound systems 

such as amplifiers, radios, TVs and  infotainment sys-

tems, the AudioAnalyzer also enables noise measure-

ments on a wide variety of components such as switches, 

gearboxes, mechanical devices, signal genera-

tors,  switching power supplies, distance sensors or RF 

modulators, extending to the calibration of  tuners, 

transmission testing of various types of converters of 

various designs or noise  analysis of speed measure-

ments.

While audio analysis in infotainment systems is 

clearly indispensable, particularly for voice, music and 

multimedia functions, its applications extend far be-

yond these areas. For example, the MCD AudioAnalyzer 

can be used for structure-borne noise measurements, 

such as analyzing engine and transmission noises from 

electrically driven components like automotive mirrors, 

windshield wipers, valves or central locking systems. 

Through this  analysis, users can identify and evaluate 

issues related to gear ratios, runout, concentricity,  or 

unwanted noise generation. Such noises can be per-

ceived by the driver as both annoying and safety-related 

- such as the clicking sound of a turn signal - and are 

therefore examined very closely by manufacturers.

Modular with the MCD SmartModuleS
The MCD SmartModuleS is a 19-inch module system 

that condenses an entire test bench into a compact for-

mat. The device was specifically designed for small-

batch testing, incoming inspections or test station devel-

opment. Thanks to its standalone design (the base 

unit  contains a fully integrated industrial PC) and 

compact size, it is also suitable for use as a laboratory or 

test station device. The currently available module types 

include a 2-channel oscilloscope featuring the technolo-

gy of the proven PicoScopes, an industrial, switcha-

ble  USB hub, a digital control module and the audio 

analyzer described above. The advantages of the MCD 

AudioAnalyzer in the SmartModuleS variant lie in the 

fact that a system with two analyzers can be configured 

with minimal effort, enabling a total of four mono or 

two stereoinputs and outputs. This allows even extensive 

measurement setups to be implemented costeffective-

ly while maintaining the flexibility and precision of au-

dio analysis. This system is available as a preconfigured 

solution. However, an 8-channel PicoScope or 

“mixed”  configurations can also be implemented in a 

SmartModuleS system housing.

Summary
Audio analysis is a key factor in vehicle infotainment 

systems, but also in many other fields when it comes to 

testing and analyzing sound events. The MCD Audio-

Analyzer offers interesting and proven solutions in this 

area, both in terms of hardware and software. The mod-

ular design of the MCD SmartModuleS allows for the 

cost-effective configuration of an  audio analyzer with 

multiple channels. (bs) ■

 Authors: Ernst Bratz, Meilhaus Electronic 

Dr. Thomas Däubler, MCD Elektronik 

 The Compact USB 
Edition is a compact, 
USB 2.0- compatible 
variant for direct 
connection to a PC 
and is ideal for 
space-saving work-
stations and quick 
measurements.

 Picture: MCD 
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How can SDV architectures scale efficiently? Central 
compute, chiplets, and open toolchains support per-
formance, flexibility, and long-term development.

Picture: Catsby_Art - stock.adobe.com

Scaling Compute for the Software-Defined Vehicle Era

How Central Compute, Chiplets, and 
Toolchains Enable SDVs 
Software-defined vehicles are increasing demands on automotive computing. Central compute, chip-
let-based scalability, and open toolchains provide a practical foundation for performance growth, soft-
ware reuse, and long-term platform development.

Software-defined vehicles (SDVs) are fundamentally changing how 

automotive electronic systems are designed, developed, and evolved 

over a vehicle’s lifetime. Advanced driver assistance systems, 

AI-based perception and decision-making, increasingly complex 

cockpit functions, and the expectation of continuous over-the-air 

updates are driving compute requirements well beyond what tradi-

tional, highly distributed ECU architectures can efficiently support. 

At the same time, the semiconductor industry is experiencing di-

minishing returns from classical process-node scaling. Each new 

node delivers smaller performance and efficiency gains, while cost, 

design complexity, and qualification effort increase significantly.

For OEMs and Tier-1 suppliers, this creates a structural mis-

match: software complexity and performance demands are accelerat-

ing rapidly, while the traditional approach of relying on ever-larger 

monolithic SoCs on the latest process nodes is becoming economi-

cally and technically constrained. As a result, vehicle electronics ar-

chitectures are shifting toward centralized compute platforms com-

bined with software-first development models. In this context, Rene-

sas’ R-Car Gen5 serves as a central compute platform for SDVs, 

which combines the integration advantages of a monolithic SoC with 

chiplet-based scalability and an open SDK and toolchain to address 

automotive system-level requirements.

Central Compute as the Backbone
Centralized computing is a key enabler for SDVs because it allows 

multiple vehicle domains to be consolidated onto a shared hardware 

and software foundation. Instead of maintaining numerous dedicat-

ed ECUs with isolated software stacks, a central compute platform 

can host ADAS, cockpit, gateway, and body functions on one system, 

provided that mixed-criticality requirements are handled correctly. 

This consolidation reduces system complexity, wiring effort, and in-

tegration overhead, while enabling a more coherent software archi-

tecture across the vehicle.

R-Car Gen5 is designed to serve as such a central compute back-

bone. It combines high-performance application processors with 

real-time and safety-oriented cores, allowing workloads with very 

different timing, safety, and availability requirements to coexist on a 

single platform. The architectural focus is not only on peak compute 

performance, but on predictable behavior, long-term availability, and 

the ability to support software evolution over many years. For SDVs, 

this is critical: software is no longer static at SOP but continues to 

evolve throughout the vehicle lifecycle.

From a system perspective, central compute also enables OEMs to 

define a common hardware and software baseline across multiple 

vehicle lines. This reduces fragmentation and allows software com-

ponents, tools, and processes to be reused more effectively. The re-

sult is not only lower development cost, but also improved quality 

and faster rollout of new features.

Chiplet-Based Scalability
While central compute simplifies architecture, it does not eliminate 

the need for performance scaling. ADAS and AI workloads in par-

ticular continue to grow rapidly, driven by higher sensor counts, in-

creased resolution, the rise of on-board in-cabin AI, and more so-

phisticated models. However, scaling performance by continuously 

increasing the size and complexity of monolithic SoCs faces practical 

limits. Reticle size constraints, yield degradation for large dies, and 

power density challenges make this approach increasingly unattrac-

tive, especially for automotive applications with strict reliability and 

qualification requirements.

Chiplet architectures offer an alternative path. By decomposing a 

system into multiple silicon dies within a single package, perfor-

mance can be scaled more flexibly and cost-effectively. For automo-

tive use, the key benefit is not maximum modularity for its own sake, 

but the ability to add compute capability where it is needed without 

redesigning the entire SoC. R-Car Gen5 adopts this philosophy by 
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combining a powerful base SoC 

with the option to extend perfor-

mance through additional chip-

lets, particularly for AI accelera-

tion. This approach enables 

OEMs and Tier-1s to deploy a 

common hardware platform 

across different vehicle classes 

and trim levels, while differentiat-

ing performance through option-

al extensions. Entry-level vehicles 

can rely on the base configura-

tion, while higher-end variants or 

later lifecycle updates can inte-

grate additional compute resourc-

es. Importantly, this scalability is 

designed to respect automotive 

constraints such as functional safety, long-term reliability, and pre-

dictable behavior. Rather than tightly coupling all dies through 

shared memory, the architecture emphasizes controlled communica-

tion and clear fault-containment boundaries.

Maintaining a Unified Software Model
Hardware modularity only creates value if it does not fragment the 

software environment. For SDVs, software reuse and portability are 

essential, as validation and certification effort grow rapidly with 

system complexity. A core requirement is therefore that scaling the 

hardware—whether through additional cores or chiplets—does not 

force fundamental changes to the software architecture.

R-Car Gen5 and its chiplet extensions are designed to present a 

unified logical system to software. Standardized interfaces, virtual-

ization, and abstraction layers ensure that accelerators are accessed 

in a consistent way, regardless of whether they are integrated on the 

base SoC or provided via a chiplet. From the perspective of the oper-

ating system and applications, additional compute resources appear 

as part of the same system, rather than as special-case devices.

This unified software model reduces integration effort and limits 

the need for variant-specific software branches. It also simplifies 

long-term maintenance, as software updates and new features can be 

developed and validated against a consistent platform abstraction, 

even as the underlying hardware evolves.

SDK and Toolchain as a 
Time-to-Market Lever
As software content grows, devel-

opment efficiency becomes a de-

cisive factor for competitiveness. 

Hardware capability alone is in-

sufficient if bringing up platforms 

and integrating software takes too 

long. Renesas addresses this 

through an open SDK and tool-

chain, known as the R-Car Open 

Access (RoX) platform, with the 

Whitebox SDK as its baseline 

configuration. The emphasis is on 

providing a coherent, produc-

tion-oriented development envi-

ronment rather than a collection 

of disconnected tools. Linux and 

Android form the foundation for 

high-level software, complement-

ed by virtualization support and 

options for real-time operating systems where required. Standard 

APIs and open interfaces are used to minimize lock-in and to ease 

portability across projects and hardware generations. A particularly 

important aspect is the ability to start software development early. 

Virtual platforms and cloud-based development environments allow 

teams to begin integration, testing, and CI/CD workflows before fi-

nal hardware is available. This shift-left approach reduces late inte-

gration risk and shortens overall development timelines.

System-Level Implications for OEMs and Tier-1s
The combination of central compute, chiplet-based scalability, and an 

open toolchain has significant system-level implications. OEMs gain 

the ability to define stable compute and software platforms that span 

multiple vehicle generations, preserving software investments and re-

ducing architectural churn. Tier-1 suppliers benefit from clearer inte-

gration targets and a shared development environment that reduces 

duplication of effort and accelerates collaboration. From a lifecycle 

perspective, this approach supports incremental performance scaling 

and feature growth without disruptive hardware changes late in a pro-

gram. It also aligns well with OTA-driven feature deployment, where 

new functionality may be introduced years after SOP, provided suffi-

cient compute headroom or modular upgrade paths exist. (na) ■

 Author: Peter Bechberger Bechberger, Director, SoC Product 

Marketing, Renesas 

 Figure 1: Transition to Centralized E/E Architectures

 Picture: Renesas 

 Figure 2: RoX Open SDV Platform

 Picture: Renesas 

AUTOMOBIL ELEKTRONIK E/E-Entwicklung für Entscheider • 03/2026   49

SDV

1778587288-9n33l.indd   49 5/12/2026   2:01:30 PM



S
oftware-defined vehicles (SDVs) are the next evo-

lutionary stage of the car, putting the customer at 

the center. They must also address rising SW com-

plexity, industrial requirements and fragile supply 

chains. Most SDV concepts only solve a piece of the 

puzzle; the structural challenges remain intertwined 

across technical, economic and geopolitical dimensions. 

A holistic approach is required.

Customer expectations: Smartphone-like usability 

and the ability to personalize one’s own vehicle through 

SW - this expectation has been articulated in the indus-

try for over a decade. It has yet to be fulfilled. Further-

more, today’s customers also expect SW updates without 

a service center visit.

Software complexity and no reuse: Over-the-Air 

(OTA) updates have been a persistent challenge for 

years. Updating SW across multiple ECUs (electronic 

control units) without a service center visit is complex, 

because neither the SW architecture nor the vehicle net-

work is designed for it. ECUs also require a secure fall-

back to remain operational in the event of update fail-

ures. As a result, OTA updates remain largely confined 

to a few non-critical control units. With each new vehi-

cle development, ECUs are re-tendered and implement-

SDV – Complexity out. Speed in.

The quantum leap for  
software-defined vehicles
Contrary to the Industry’s focus on Software optimization over the last decade, Secor is 
presenting the SDV PoC 2.0 at the AEK – a holistic, open-source approach, 50% shorter 
time-to-market, 30% lower development and production costs.
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ed with new MCUs (micro con-

trol units), as their production 

cycles are limited. This means ex-

isting SW must be recompiled 

and, to a large extent re-coded (up 

to 80%). This lengthens develop-

ment, increases the risk of errors 

and prevents reusability, while 

new market entrants continue to 

intensify time-to-market pres-

sure.

Industrial requirements:
OEMs and Tier-1 suppliers must 

maintain vehicle SW over the full 

lifecycle, yet face limitations due 

to different hardware (HW) revi-

sions, complex wiring harnesses and the absence of 

standards. At the same time, the shift to zonal E/E archi-

tecture demands far-reaching changes in development 

and supply chain qualification. Open-source middle-

ware such as Eclipse SDV aims interoperability, but adds 

governance, security and integration risks. Furthermore, 

the OEM-specific app stores currently in use are propri-

etary and fail to generate cross-brand economies of 

scale.

Volatile supply chains and geopolitical dependency:
Unstable supply chains put production at risk, as cost 

considerations have led to single-source dependencies 

for many critical components. The wiring harness illus-

trates this best: nearly every unit is a custom build, and a 

single missing harness is enough to halt the entire pro-

duction line. The same applies to ECUs, MCUs and 

other non-substitutable components. A future-proof 

SDV must build resilience into the system, rather than 

treating it as an emergency response. All of the require-

ments above are met by the Secor SDV Ecosystem de-

scribed below.

SDV Ecosystem - Introduction
Many SDV concepts address individual problems. But 

what if the goal is to shape a future vision rather than 

optimize one issue at a time?

That is precisely the step Secor has taken. The start-

ing point were the challenges described above. These 

cannot be resolved incrementally - they are far too deep-

ly intertwined for that. The solution can only be a holis-

tic approach: an ecosystem specifically designed for 

these requirements and flexible enough to meet the de-

mands of the future. Drawing on 

extensive automotive expertise, Se-

cor has developed exactly that – 

and will be presenting the Secor 

SDV PoC 2.0 at the 30th AUTO-

MOBIL-ELEKTRONIK Kongress.

The essence is
standardization:
The patent-pending Secor SDV 

Concept is the only offering on 

the market that relies on stand-

ardized SW and HW. Since its 

presentation at embedded world 

25, it has accordingly been de-

scribed by experts as a game changer and a paradigm 

shift for the automotive industry.

Resilient HW: Thanks to its function-compatible de-

sign, the HW is interchangeable - both at SOP and even 

twenty years later. At the same time, the HW is multi-

functional and built for resilience. Its architecture uses 

chiplets to create a scalable RISC-V MCU family, mak-

ing it easier to adapt and port to new manufacturing 

processes. Because of this design, the HW will be pro-

duced simultaneously at three fabrication facilities across 

different continents, helping ensure a stable supply even 

during geopolitical disruptions.

Software reuse: The SW is modular and can be re-

used across multiple vehicle generations. It is provided 

through a certified SDV library, ensuring it matches the 

maturity level of the previous vehicle and is reliable and 

error-free as the previous generation of vehicles.

In addition, it supports 3rd-party SW integration, al-

lowing applications to be distributed through an SDV 
app store for both B2B and B2C use.

The Secor SDV delivers the following benefits:
■ Interchangeable semiconductors from development 

through after-sales, across vehicle generations - enabling 

the refurbishment of both newer and classic vehicles
■ Resilient, multifunctional semiconductors supported 

by secure multi-sourcing at competitive costs
■ Modular, error-free SW with certified interfaces as 

error-free as the previous generation of vehicles
■ Shorter development cycles, improving competitive-

ness in time, cost, quality and environmental impact

These advantages for OEMs and Tier-1 suppliers are 

measurable (cf. AEL 05/2025, p. 48):

 Figure 2: Secor is a 
holistic SDV Ecosys-
tem with a robust 
core consisting of 
standardized HW, 
SW, APIs and an app 
store.

 Picture: Secor 

 Figure 1: The four 
main challenges for 
the SDV. A holistic 
approach is required.

 Picture: Secor 
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■ 50% shorter time-to-market through standardized 

SW modules
■ 30% lower development and production costs through 

reusability
■ Resilient supply chains through pin- and func-

tion-compatible alternatives
■ Longer service life and resource-efficient production

Secor SDV – In a nutshell
To overcome the MCU dilemma, Secor - together with 

Fraunhofer IIS – is developing a flexible and powerful 

MCU designed to remain functionally compatible for 

decades. This approach is inspired by the x86 proces-

sor, which has been used in standard PCs for over 40 

years. Similarly, the new RISC-V–based MCU is built 

for long-term consistency and scalability. To ensure 

supply resilience, the MCU is designed to be manufac-

tured at three fabrication facilities (fabs) across differ-

ent continents, reducing the risk of disruption. Be-

cause the HW interfaces remain stable, the SW chang-

es typically required with each new MCU are no 

longer needed. Existing SW can be reused, significant-

ly reducing development time. Fewer changes mean 

fewer newly introduced errors – reducing the need for 

time-consuming debugging and resulting in substan-

tial savings in both time and cost. 

The SW architecture is structured so that the base 

level realizes the HW abstraction down to the compo-

nent level (Level 3). The next 

SW level handles functional 

logic (Level 2), previously de-

livered by suppliers alongside 

their ECUs. In the new zon-

al/central E/E architecture, 

SW is decoupled from HW. 

Therefore, the functional 

logic can now come from the 

supplier, the OEM, a third 

party, or an open-source pro-

ject such as Eclipse S-Core. 

On top sits the user interface 

with the OEM’s brand identi-

ty (Level 1). These SW layers 

are connected via multiple 

APIs (Application Programming Interfaces) based on 

the COVESA VSS (Vehicle Signal Specification), draw-

ing on an established industry standard.

Thanks to the standardized APIs, the SW modules of 

the functional logic (Level 2) can be traded in the B2B 

SDV app store - including to new customers. Since this 

does not affect the UX level, no OEM-specific brand 

interests are compromised. Through API-based abstrac-

tion, the modules are vehicle- and brand-independent. 

An OEM can therefore equip its prototype or technology 

demonstrator with functional SW modules from the 

SDV app store for direct use or further adaptation.

End customers can buy apps for their vehicle through a 

brand-specific B2C app store or replace existing apps with 

new ones. OEMs can also offer subscription-based servic-

es, such as access to exclusive SW features or modules.

Agile development (Integration & Testing
biweekly with SECOR.sdv.LAB)
In the SDV context, “integration is the supreme disci-

pline” from a technical standpoint (cf. AEL 01/2026,

pp. 26–27).

With SDVs, integration becomes the key challenge. It 

largely determines how long the product development 

process (PDP) takes and how quickly SW and HW are 

ready for SOP. All SW modules must be combined into 

a single, type-approval-ready system. In the Secor SDV 

Ecosystem, standardized HW removes the need for SIL 

(SW-in-the-Loop) testing. 

The SECOR.sdv.LAB pro-

vides all Tier-1 suppliers 

and partners with the same 

HW setup - one central 

control unit and two zonal 

control units - allowing in-

tegration work to be dis-

tributed across develop-

ment sprints.

Early integration results 

are then brought together 

at the OEM level for full 

system integration. This 

process is supported by the 

SECOR.lab.APP, which 

connects all partners in a 

project and ensures every-

one is working on the same 

 Figure 3: The Secor 
SDV Ecosystem 
serves as the foun-
dation for significant 
technical innovation 
that goes beyond 
the status quo.

 Picture: Secor 

 Figure 4: Secor.sdv.
LAB and the Secor.
lab.APP are a contin-
uous integration 
and continuous de-
ployment (CI/CD) 
solution that will ac-
celerate the develop-
ment process by at 
least six months.

 Picture: Secor 
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SW version, with OTA updates every 14 

days.

Additional tools like user management 

and shared defect tracking improve efficien-

cy across companies involved in the PDP. 

Simulations and regression testing help 

identify errors earlier, reduce complexity 

and speed up development.

Discussions with homologation service 

providers suggest further efficiency gains 

are possible. Overall, this leads to a consist-

ent “shift-left” approach, where issues are 

addressed earlier in the development cycle.

SDV SOP dates are often delayed, mainly 

due to the complexity of integrating K-ma-

trices / communication matrices.

In the Secor SDV Ecosystem, this com-

plexity is removed. A flexible E/E architecture, 

combined with a patent-pending Message 

Broker, manages communication between the 

central control unit (central.CU) and multiple 

zonal control units (zonal.CUs).

Similar to how the internet works, each 

SDV component is assigned to its own IP 

address. These addresses are managed by the 

Secor directory service, simplifying commu-

nication and reducing integration effort.

OTA updates are available at any time, 

allowing new features and improvements to 

be rolled out rapidly. This enables continu-

ous development, integration and testing, as 

well as the ongoing deployment of SW into 

vehicles. This results in SW living on beyond 

the individual vehicle into its successors.

The ecosystem supports both central and 

zonal E/E architectures, though Secor fa-

vours the zonal variant due to its clear ad-

vantages for the wiring harness. By dividing 

the vehicle into zones, wiring harnesses can 

be standardized and variants significantly 

reduced. At the same time, the quantity and 

length of cables decrease, reducing both 

weight and cost. This lower variance and 

also increases efficiency in the supply chain 

and OEM assembly.

A further advantage of the zonal archi-

tecture is that SW for uninterrupted appli-

cations can be distributed into the zonal.

CUs. This reduces the power demand – 

and the resulting heat dissipation – at the 

central.CU.

SDV Ecosystem – Further R&D 
roadmap
The in-vehicle communication networks are 

being shifted toward full Ethernet. As a 

transmission technology, Ethernet supports 

a wide range of protocols, including well-

known ones like Internet Protocol (IP) and 

Time-Sensitive Networking (TSN).

It can run over different media, such as 

twisted pair, coaxial cables and plastic or 

glass fiber. Available bandwidths range from 

10 and 100 Mbit/s up to 1–10 Gbit/s, which 

is more than sufficient for future vehicle re-

quirements.

In the Secor SDV PoC 2.0, 10 and

100 Mbit/s bandwidths are currently used.

Plug-and-play
In the current (patent-pending) develop-

ment, every component becomes plug-

and-play. As soon as it connects to the ve-

hicle network, it automatically receives a 

local address. The component then pro-

vides metadata - such as manufacturer, 

product code, capabilities and control de-

tails - which is stored in a directory ser-

vice. Based on this information, the re-

quired SW modules are automatically 

downloaded, allowing the component to 

be used immediately. This enables rapid 

prototyping with flexible combinations of 

components. In production, components 

can be replaced without requiring new 

development. In after-sales, the directory 

service allows precise identification of in-

stalled parts and compatible alternatives, 

even if they are not identical. Any changes 

to control parameters can be delivered 

OTA, similar to driver updates.

Data usage is managed through a cen-

tral API that handles and distributes all 

events and data. This data can be logged 

and sent to the cloud for use in applica-

tions like predictive maintenance. During 

development, it is also possible to record 

driving cycles with precise timing, which 

can then be used as input for simulations 

in development and system integration.

Take an active role in the SDV trans-
formation
The next PoC will be the Bavaria+ SDV

1.0 FPGA at IAA Mobility 2027. Secor is 

already actively working with a handful of 

companies on its implementation. You 

have the opportunity to become part of the 

new SDV Ecosystem and contribute your 

components or a concept vehicle. Due to 

the higher material unit costs for an FP-

GA-based central.CU and zonal.CU, the 

Bavaria+ SDV 1.0 targets small-series pro-

duction. 

These vehicles could become the first 

automobiles of the 21st century that future 

generations will still cherish as classics. 

Work is already underway on a sili-

con-based central.CU and zonal.CU de-

signed for high-volume production, with 

market readiness planned for IAA Mobility 

2029 (Bavaria+ SDV 2.0). (na) ■

 Authors: Dr. Hartwig Schwerdtle, CEO Secor 

Group

Klaus Jungbauer, CTO and Founder Secor 

Group 
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T
oday’s vehicles are no longer defined by horse-

power or torque. Instead of this, they are now 

characterized by the intelligence and adaptability 

of the software that runs them, along with consumer 

expectations of continuously evolving driving experi-

ences.

To meet these expectations, automakers are now real-

izing that they need to adopt a software-first mindset 

rather than designing fixed hardware architectures and 

layering software on top. In this way, the rise of the soft-

ware-defined vehicle (SDV) represents a paradigm shift 

in automotive engineering.

Limitations of Vehicle Development
Traditionally, the automotive industry has followed a 

hardware-first development model. In this model, 

vehicle architecture is finalized long before software 

development begins. This is inefficient and prone to 

delays.

For example, when new safety or infotainment fea-

tures emerge mid-development, manufacturers struggle 

to integrate them because the vehicle’s electronic archi-

tecture and electronic control units (ECUs) are already 

locked down. This often leads to delays to vehicle launch 

or the postponement of innovative next-generation fea-

tures, damaging brand competitiveness and consumer 

perception.

As cars evolve into connected, intelligent systems, the 

complexity of integrating hundreds of sensors, ECUs, 

and AI-driven functions is exposing the inflexibility of 

hardware-first design. A simple software change, like 

adding a new driver-assistance function, can cascade 

Software-defined Systems

Reshaping the future of  
modern cars
Digital twins are becoming central to software-defined vehicle development. 
By enabling early validation of software workloads, chip architectures and full vehicle 
systems, they help reduce risk, accelerate development and support continuous feature 
evolution.

How can digital 
twins help to re-
shape the design 
methodology of 
automotive semi-
conductors and sys-
tems, enabling truly 
software-defined 
vehicles?

Picture: Siemens
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into months of revalidation and hardware retesting. 

Consumer electronics and mobility services iterate every 

few months, making the slow, siloed model of develop-

ment no longer sustainable.

These issues, coupled with the need to accelerate 

time-to-market and to offer differentiation that excites 

consumers, mean that software development can no 

longer just be an afterthought. It needs to be embedded 

into the hardware design process from the beginning.

Using a shift-left approach, engineers/architects can 

start with software workloads and validate them on a 

digital twin of the vehicle and its electronics much earli-

er in the development cycle. System architects can now 

continuously develop and test AI-driven applications, 

such as:
■ Autonomous driving perception stacks.
■ Decision-making capabilities.
■ Advanced driver assistance systems (ADAS).
■ Connectivity.
■ Infotainment systems.

Development using virtual ECUs and semiconductor 

models allows the hardware to be optimized around ac-

tual software demands.

Early Digital Twin Deployment Saves Time and 
Money
The traditional flow for development is shown in the top 

half of Figure 1. The bottom half of the figure shows a 

digital development flow where co-development can be 

started much earlier. Using this approach, software de-

velopment can be started at least six months earlier and 

tested with the hardware without affecting the delivery 

schedule.

Tier 1s and OEMs want to move away from the con-

ventional hardware and software development cycle. By 

deploying digital twins early in the design process, engi-

neers can test how different hardware architectures re-

spond to software workloads, such as AI-based percep-

tion or real-time navigation. This reduces the risk of 

costly redesigns. It can also ensure timely delivery or 

even accelerate time-to-market.

AI Workloads are Significantly Influencing 
Chipset Feature Optimization
Artificial intelligence is now an integral part of today’s 

cars. Many features are fueled by AI models, including:
■ Advanced driver assistance systems.
■ Lane-keeping.
■ Adaptive cruise control.
■ Highway pilot.
■ Collision avoidance.

These features require massive data processing capabili-

ties, fast calculations, and continued learning from re-

al-world driving scenarios.

Unlike traditional automotive control units designed 

for deterministic tasks (for example, engine control or 

braking), AI-driven workloads demand specialized sem-

iconductor hardware with immense computational 

throughput, low-latency data transfer, and high energy 

efficiency. Examples include:

High-performance systems-on-chips (SoCs) such 

as NVIDIA Drive or Qualcomm Snapdragon Ride that 

integrate CPUs, GPUs, and neural processing units 

(NPUs) for perception and decision-making.

Memory subsystems like LPDDR5 and high-bandwidth 

memory that enable faster data movement between sen-

sors and processors.

Networks-on-chips (NoCs) that handle parallel AI infer-

ence and communication among distributed ECUs.

The next generation of autonomous vehicle features 

will be even more complex, requiring more dynamic, 

high-bandwidth computational resources. Once this oc-

curs, digital twins will be used to quickly evaluate multi-

ple potential chipset configurations that would be far too 

expensive and time-consuming to achieve using real 

SoCs.

For even more realistic results, semiconductor sup-

pliers should be able to simulate the workloads taken 

from current real-world driving data. By validating sili-

con architectures in virtual car environments, chipmak-

ers can anticipate bottlenecks early, optimize perfor-

mance, and deliver AI-ready semiconductors that enable 

better and more adaptive vehicles.

 Figure 1: Top: con-
ventional hardware 
and software devel-
opment cycle. Bot-
tom: a more effi-
cient approach using 
virtual hardware.

 Picture: Siemens 
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SDV Development Cannot Happen in Silos
One of the significant issues in current vehicle design 

methodology is that much of the development happens 

in silos. After the definition phase, parallel teams devel-

op their systems in isolation with little to no interaction 

until the full system integration.

Efficient code cannot be developed in isolation from 

the rest of the system, but that’s not the only problem. 

More significantly, when full system validation is only 

possible after hardware is delivered, any significant is-

sues can cause immediate and potentially catastrophic 

schedule delays.

To address these issues, a digital twin platform can be 

used to simulate full systems-of-systems. For the results 

to be as accurate as possible, real-world inputs and hard-

ware should also be integrated.

SDV Feature Set Evolution Needs Continuous 
Validation and Testing
Software-defined vehicles are not static products that 

become obsolete after a few years. Rather, they are evolv-

ing platforms. These cars can receive continuous up-

dates, unlocking new features long after purchase.

For owners, this means enhanced safety, an improved 

driving experience, and a longer vehicle lifespan. For 

automakers, software-defined vehicles create new reve-

nue streams through subscriptions and feature-on-de-

mand services.

In this scenario, a system designer can’t simply 

choose a chipset without a futuristic outlook, nor can 

they write efficient code in isolation. A stable, adaptable 

simulation environment capable of evaluating full sys-

tems throughout the entire SDV development flow is 

also required.

Ultimately, realizing a full software-defined vehicle 

concept is not possible without using digital-twin tech-

nology. Even then, it can’t be achieved using a piecemeal 

approach. Instead, it needs a holistic environment that 

integrates all the models, tools, and hardware into one 

platform with synchronized communication. It should 

also be scalable, growing with designs to cover each 

phase of the development cycle.

Figure 2 illustrates how an integrated development 

workflow for SDVs enables an end-to-end digital twin 

approach. It’s an open solution based on automotive 

standards that can be used to build a platform that pro-

vides a 360-degree view of how chips, ECUs, software 

stacks, and vehicle networks interact. 

How to Use a Digi-
tal-Twin Platform to 
Design and Test SDVs
A multi-fidelity digital 

twin should be able to scale 

across vehicle design, cre-

ating a sole source of truth 

within an organization.  A 

digital twin environment 

can be used by system archi-

tects for architecture selec-

tion to test multiple SoCs in 

the same loop by deploying 

similar software architec-

ture onto various models of 

the SoC and analyzing their performance for the given 

scenario. Then they can select the best SoC for their use 

cases using simulation, rather than relying completely on 

the datasheets provided by the chip makers.

By using native acceleration in the cloud, pre-silicon 

software development is now also possible. For exam-

ple, Innexis Architecture Native Acceleration (ANA) of-

fers near real-time performance, thus overcoming the 

issues commonly associated with slow virtual models. It 

is available for leading next-generation automotive IP 

such as Arm Zena-CSS.

Now, OEMs can develop their software early and IP 

partners can create software ecosystems before the hard-

ware becomes available. System architects can then use 

the digital-twin platform to build a simulation of their 

full system through the VSI tool, test the developed soft-

ware, and validate the system performance under multi-

ple scenarios using inputs from both the real and virtual 

world.

Tools such as CARLA allow system engineers to run 

and validate using multiple real-world scenarios. This 

ensures that the hardware and the software perform 

under millions of kilometers of simulated scenarios. 

These efforts also ease subsequent certification to tech-

nical, safety, and legal standards.

Similarly, system architects can assess their mechani-

cal models by integrating the Amesim/PyBamm/

FMU3.0 models into their simulation or the network. 

System testing can always be traced back to the require-

ments in the same loop, and design iterations can be 

done in a timely manner to achieve the required maturi-

ty. Once the system architects are confident enough with 

their design, they can start bringing the actual hardware 

in the loop.

Safe Updates Through Digital Twins
One of the hallmarks of SDVs is the ability to evolve 

via over-the-air updates. Using digital twin technolo-

gy, system architects can develop software upgrades 

while the cars are running on the road. Architects can 

simulate any software releases against the digital twin 

of the hardware and ensure that updates won’t com-

promise safety or performance. After rigorous testing, 

the software can be deployed to millions of vehicles on 

the road without endangering any human lives in the 

real world. (bs) ■

 Author: Conhas Thakkar, leading Technical Solution 

Architect at Siemens EDA 

 Figure 2: The end-to-
end digital approach 
using Siemens 
PAVE360 integrated 
development work-
flow for soft-
ware-defined
vehicles.

 Picture: Siemens 
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T
he global electronics industry is undergoing a 

profound transformation, driven by the de-

mand for higher efficiency, environmental sus-

tainability, and strategic autonomy. In this evolving 

landscape, Silicon Carbide (SiC) has emerged as a key 

enabler of next-generation power applications. To har-

ness its full potential, the European FastLane project, 

launched in 2024, supports EU independence in criti-

cal raw materials while developing an independent 

Silicon Carbide raw material and device supply chain 

and broadening SiC functionalities to overcome cur-

rent limitations

A Pan-European Effort to Reshape Power 
Electronics
FastLane is a three-year initiative co-funded by the Eu-

ropean Union, bringing together 29 partners from seven 

countries, including leading research institutions, spe-

cialized SMEs, and major industrial players. Under the 

coordination of Valeo, the consortium aims to enhance 

SiC Improves the Efficiency of Power Electronics

EU Project FastLane Boosts SiC 
Value Creation
Silicon carbide is emerging as a cornerstone of next-generation power electronics. The 
EU project FastLane brings together industrial and scientific expertise to drive material 
innovations and sustainably improve efficiency, cost structures, and supply security.

Picture: Adobe Stocks, edited 
by Heraeus Electronics
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energy efficiency and reduce the carbon footprint of 

power electronics by developing a robust, independent 

SiC supply chain—from raw materials to system-level 

demonstrators. By leveraging economies of scale, Fast-

Lane drives cost-efficient energy conversion applica-

tions, strengthening Europe’s technological and eco-

nomic resilience in power electronics.

The project’s comprehensive structure spans multiple 

work packages and collaborative efforts, covering the 

entire SiC power electronics value chain. This includes 

material development, device fabrication, packaging in-

novations, and final system integration.

Materials Innovation
Within the FastLane consortium, materials development 

plays a central role in enabling the assembly and perfor-

mance of advanced SiC power modules. Among the 

contributors, Heraeus Electronics supports the integra-

tion of six distinct SiC module designs through three 

specialized packaging technologies. These innovations 

address key challenges in thermal management, electri-

cal performance, and reliability—critical factors for 

next-generation power electronics.

The company’s focus lies in developing environmen-

tally responsible materials that facilitate miniaturization, 

forward integration, and high-efficiency energy conver-

sion. In response to industry-wide shifts—such as the 

rise of e-mobility, AI, and next-generation communica-

tion technologies—collaborative innovation across the 

value chain has become essential. Heraeus Electronics 

engages in joint research efforts with academic institu-

tions, start-ups, equipment providers, and end users, 

contributing to broader ecosystem development through 

EU funded initiatives and industry associations.

Technical Innovations
To achieve the FastLane project goal for higher efficien-

cy of power modules SiC dies enable them to operate at 

>175 °C, with higher switching frequencies and in-

creased power densities. Their effective implementation 

requires advanced packaging materials. Heraeus con-

tributes within FastLane with this key innovations: 
 ■ Ag sinter pastes enabling attachment of Active metal 

brazed (AMB) substrates without noble metal surfaces 

 ■ Ag-free AMB substrates with designs reducing para-

sitic inductance and
 ■ Die-Top System (DTS©) enabling reliable Cu bonding 

to SiC dies. 

Silver Sintering for AMB Substrate Attachment on Alu-
minum Baseplates
To reduce both cost and weight in SiC power module 

packaging, Heraeus has developed the  PE 360P silver 

sinter paste, enabling the attachment of  Active Metal 

Brazed (AMB) substrates to aluminum baseplates with-

out the need for precious metal surfaces.
 ■ This innovation offers significant advantages:
 ■ Up to 70 % weight reduction
 ■ Cost savings of up to 91 % compared to copper base-

plates

Initial results with PE 360P show robust AMB adhesion 

and minimal delamination (<5 %) already with Cu-coat-

ed Al baseplates after 1500 temperature cycles 

(–55  °C/+150  °C), comparable to similar Ag-coated 

baseplates. In contrast, Ni-coated Al baseplates fail to 

ensure sufficient adhesion. Ongoing work focuses fur-

ther on optimizing Ag sintering directly on non-pre-

cious metals coated Al. 

This approach supports scalable, cost-efficient pack-

aging for high-performance SiC modules.

Silver-Free, Low-Inductance AMB Substrates
The second major innovation centers on the develop-

ment of silver-free, low-inductance AMB substrates us-

ing Si3N4 ceramics, designed to reduce parasitic induct-

ance and improve cost efficiency. The key benefits in-

clude:

Overview Project 
Partners in the Con-
sortium

Picture: FastLane Project

Material innovations 
in power electronic 
modules addressing 
key challenges in 
thermal manage-
ment, electrical per-
formance, and relia-
bility.

Picture: Heraeus Electronics
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 ■ Reduced cost through elimination of silver (Ag con-

tent >60 wt % in conventional AMB pastes)
 ■ Reduced Ag migration for enhanced reliability
 ■ Superior performance compared to traditional Direct 

Copper Bonded (DCB) substrates

Scanning acoustic microscopy confirmed the reliability 

of these AMB 2.0 substrates after thermal shock testing 

(–65 °C to +150 °C). Their performance rivals Ag-con-

taining AMB, surpasses DCB substrates, and meets all 

customer specifications. Their integration into  Valeo’s 

low-inductance power modules is planned as the next step.

This innovation also strengthens the European AMB 

supply chain, with all key manufacturing partners—in-

cluding metal and ceramic suppliers and Heraeus Elec-

tronics’ technology and production site—located within 

Europe. This supports risk mitigation, improves supply 

chain stability, reduces CO2 emissions, and enhances the 

EU’s market position. To ensure secure global delivery 

capability, Heraeus Electronics also maintains a  dual- 

source strategy in Asia.

Die Top System for Copper Wire Bonding
The third building block addresses  top-side intercon-

nection, a critical factor for achieving high reliability in 

SiC modules. Heraeus has developed the Die Top System 

(DTS)  in collaboration with European partners. This 

system features a  copper foil with pre-applied sinter 

material, enabling copper wire bonding with over   

10× reliability improvement  compared to aluminum 

bonding.
 ■ The industrialized DTS Silver replaces NiPdAu metal-

lization with Ag plating, ensuring:
 ■ Simplified sintering
 ■ Reliable copper bonding to SiC dies

Future development includes  laser-structured DTS® 

Silver for finer wire bonding geometries (down to 0.5 × 

0.5 mm2). These advanced interconnects will be evaluat-

ed in FastLane power modules for performance and re-

liability.

First-Year Deliverables and Ongoing 
Integration
In the first year of FastLane, Heraeus Electronics and its 

partners successfully delivered three core packaging 

innovations:
 ■ Development of an  Ag sinter paste  for AMB attach-

ment on Ag-metallized aluminum baseplates, replac-

ing conventional copper
 ■ Design of  silver-free AMB substrates  using Si3N4 

ceramics for reduced cost and inductance
 ■ Development of  DTS® systems  enabling reliable and 

cost-efficient copper wire bonding to SiC dies

These technologies are now undergoing  integration 

and reliability testing  across multiple power module 

use cases. This work will continue through June 2027, 

with the goal of enhancing SiC performance, efficien-

cy, and resilience throughout Europe’s power electron-

ics value chain.

Conclusion and Outlook: Tailored SiC Demon-
strators for Strategic Applications
By integrating advanced SiC technologies into tailored 

demonstrators across mobility and energy domains, 

FastLane delivers on five major objectives:

It aims to reduce the environmental impact of pow-

er electronics by improving energy efficiency and 

lowering the carbon footprint of materials and pro-

cesses. At the same time, it contributes to strengthen-

ing European sovereignty over critical raw materials 

by establishing a more independent and resilient SiC 

supply chain.

The project also focuses on unlocking new func-

tionalities in SiC devices and packaging, enabling op-

eration under higher temperatures, switching frequen-

cies, and power densities. Cost optimization is pur-

sued through innovations in materials and scalable 

manufacturing techniques. Finally, FastLane supports 

accelerated innovation in next-generation power elec-

tronics by fostering collaboration across research insti-

tutions, industrial partners, and technology develop-

ers. Ultimately improving usability and affordability 

for end users.

Schematic drawing of AMBs sintered to baseplates.

Picture: Heraeus Electronics

Schematic drawing of die top system DTS.

Picture: Heraeus Electronics

Scanning acoustic 
microscope results 
after thermal cycling 
of AMBs attached to 
three different base-
plate types.

Picture: Heraeus Electronics
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The contributions from all FastLane partners are ena-

bling the development of silicon carbide power mod-

ule demonstrators  tailored to specific end-user appli-

cations.

E-mobility:
 ■ Light commercial vehicles (UCs 1.1 & 1.2a) for 

high-volume applications
 ■ Ultra-class haul trucks (UC 1.2b) for high-power, 

heavy-duty environments

Energy systems:
 ■ Power inverters for electrolyzers (UC 2.1) to support 

green hydrogen production

 ■ Solid-state circuit breakers (UC 2.2) for grid protec-

tion and advanced battery storage

These demonstrators will validate the technical feasibili-

ty and performance of SiC modules under real-world 

conditions. Together, these efforts aim to position Eu-

rope at the forefront of sustainable, high-performance 

power electronics—powered by Silicon Carbide. (bs) ■

Authors: 

Dr. Sebastian Fritzsche, Manager Technology Scouting at 

Heraeus Electronics,

Dirk Brauer, Research & Innovation Director at Valeo 

eAutomotive Germany

Scanning acoustic 
microscope results 
after thermal cycling 
of AMB and DCB 
substrates.

Picture: Heraeus Electronics
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 LIB cells are at risk of thermal 
runaway – not only during 
critical stages of the manu-
facturing process, but also 
during use.

 Picture: Siemens 

Fire Protection in LIB Manufacturing 

 Why Fire Suppression 
alone is not sufficient  
 Lithium-ion batteries (LIB) manufacturing involves specific fire risks 
that are only partially addressed in traditional, building-related fire 
protection concepts. TÜV SÜD supports both manufacturers and 
operators in developing an individual, risk-based strategy. 
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F
ire protection in battery cell manufacturing 

does not start with the suppression system. 

It begins with stable processes, clearly de-

fined quality criteria, and a production environ-

ment that detects, analyses and if necessary, re-

moves critical deviations at an early stage. For 

manufacturers, this represents the greatest lever-

age in risk reduction.

In battery cell manufacturing, fire risks arise 

wherever high-energy materials, tight tolerances, 

solvents, heat input, manual processes (“human 

factor”) and automated systems interact. Because 

these risks rarely occur in isolation, localized 

measures limited to structural aspects cannot pro-

vide adequate protection. Defects or faults often 

tend to propagate across multiple process steps. 

Minor defects that remain undetected at an early 

stage can lead to severe consequences at later stag-

es. A robust risk-based fire protection strategy 

therefore evaluates not only individual plant com-

ponents but the entire process chain. This leads to 

specific design criteria, tailored fire protection 

measures, defined inspection requirements, and a 

sound deviation and escalation management sys-

tem. Manufacturers are therefore advised to ex-

tend the conventional fire protection concept with 

process and machine safety, and to develop an in-

tegrated, risk-based strategy. Particular attention 

must be paid to the specific characteristics of the 

three main areas in LIB cell manufacturing: elec-

trode manufacturing, cell assembly, and cell fin-

ishing.

Early risks in electrode manufacturing
In the initial production stages — such as mixing, 

coating, drying, and calendering — organic sol-

vents, high temperatures, mechanical stress, and 

electrostatic discharge play a key role. Sensitive 

and raw materials encounter potential ignition 

sources. Reducing ignition sources contributes to 

safety, as does the use of qualified raw materials 

with clearly defined handling and storage proce-

dures. Equally important are appropriate exhaust 

and ventilation concepts, as well as continuous 

quality assurance that identifies deviations early 

and eliminates them when necessary. This reduces 

the risk of defects propagating into downstream 

steps and compromising the safety of the finished 

LIB cell.

Cell assembly: keeping the electrolyte 
under control
During cell assembly, cells are filled with electro-

lyte for the first time. A key risk here lies in han-

dling the liquid, highly flammable electrolyte. This 

involves risks associated with handling liquid, 

highly flammable electrolytes. Even small leaks or 

incorrect filling can significantly increase this risk. 

The situation becomes particularly critical when 

additional heat input — for example during weld-

ing or contacting — occurs. The filling process 

should therefore be continuously monitored — for 

instance by measuring the degree of wetting — 

and strict approval procedures for parameter 

changes must be observed. Process steps such as, 

stacking and packaging of filled cells are suscepti-

ble to mechanical stress and technical malfunc-

tions that can lead to sparking and damage.

Cell finishing I: Formation — preventing 
thermal runaway
When cells are charged for the first time during 

the formation process, fire risk increases signifi-

cantly. Any defect — such as damaged separators 

or incorrect electrolyte filling — can trigger ther-

mal runaway at this stage. This uncontrolled, 

self-reinforcing chain reaction within the cell, 

triggered for example by short circuits or thermal 

stress, can lead to fire, explosions, or the release of 

toxic substances and gases. Thermal runaway is 

particularly critical because, once initiated, it can-

not be stopped as a self-sustaining exothermic re-

action. Protection concepts must therefore focus 

primarily on early detection, spatial containment 

of the process, prevention of propagation to adja-

cent areas, and clearly defined emergency meas-

ures. All sensor and alarm systems must be fully 

functional and available at all times. Gradual con-

tamination and the aging of all components can 

also affect safety.

Cell finishing II: Aging — planning for 
monitoring
The aging step likewise requires special attention. 

In this step, many already-charged cells are stored 

in different temperature zones. A battery manage-

ment system (BMS) covering or continuously 

monitoring this phase is not always in place. The 

decisive factors here are early detection, clearly 

Process step: elec-
trolyte filling. The 
fire risk here stems 
mainly from the 
flammable electro-
lyte

Picture: Siemens
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defined alarm pathways, and effective measures to limit 

and control fire and smoke propagation. Combining 

monitoring systems with emergency organization allows 

the specific risks of this process step to be reduced to an 

acceptable level.

A risk-based fire protection strategy can serve as the 

basis for close monitoring of both steps and defines ap-

proval thresholds and quality criteria for a production 

stop or emergency scenario. Complete traceability of the 

entire batch and all processes forms the basis for effec-

tive risk containment. Clear rules should be defined for 

handling all deviations.

The regulatory framework: supplementing le-
gal requirements with a risk-based strategy
From a building law perspective in Germany, LIB cell 

Process step: formation. The cells are charged and 
discharged several times over a period of several 
days. Errors from previous steps can very easily 
lead to fires at this stage.

Picture: Siemens

Aging is one of the 
most high-risk stag-
es of the process. 
Measures must be 
taken across all are-
as of fire safety to 
ensure this stage is 
carried out safely.

Picture: Siemens

To safeguard the high-risk formation process, tai-
lored measures are required in the areas of build-
ing, process and machinery safety, as well as op-
erational fire safety.

Picture: Siemens

manufacturing is primarily governed by the 

Model Building Code (Musterbauordnung, 

MBO) and the respective state building reg-

ulations, the Model Administrative Regula-

tion on Technical Building Rules (MVV 

TB), and special building regulations such as 

the Model Industrial Buildings Guideline 

(Muster-Industriebaurichtlinie).

Methodologically, the risk-based fire 

protection strategy is based on EN ISO 

19353:2019 (Safety of machinery – Fire pre-

vention and fire protection) and DIN EN 

ISO 12100:2011 (Safety of machinery – 

General principles for design – Risk assess-

ment and risk reduction).

In addition to the above mentioned pro-

cess, machinery and fire safety regulations, 

testing standards such as IEC 62660 (Lithi-

um-ion secondary cells for the propulsion of 

electric road vehicles) and its Parts 1–3 must 

also be considered for LIBs used in electric 

vehicles:
 ■ IEC 62660-1 Performance and endurance 

tests,
 ■ IEC 62660-2 Tests for reliability and abuse 

behaviour of cells and
 ■ IEC 62660-3 Safety requirements for lith-

ium-ion cells and cell packs.

In addition, ISO 14001 (regarding environ-

mental management systems), ISO 45001 

64   AUTOMOBIL ELEKTRONIK E/E-Entwicklung für Entscheider • 03/2026

SPECIAL Electrification

1778570625-75yel.indd   64 5/12/2026   9:23:52 AM



(regarding occupational health and safety management 

systems) and the EU Battery Regulation (EU) 2023/1541 

(regarding information and sustainability requirements 

as well as the placing of LIBs on the European market) 

are also relevant to cell manufacturing.

However, no currently applicable standards fully ad-

dresses, at the process and machine level, the specific fire 

risks associated with LIB cells. These risks arise from the 

interaction of machine, process, and end product. This 

underlines the need for a risk-based strategy that takes 

into account potential damage sever-

ity, likelihood of occurrence, and the 

ability to prevent propagation.

Clear separation, early detec-
tion and targeted fire
suppression
Another important lever is the struc-

tural separation of critical areas. Fire 

compartments limit incidents spa-

tially and help to ensure the availabil-

ity and redundancy of the overall 

plant or individual critical produc-

tion areas. Equally important is de-

tection and suppression technology 

tailored to the specific process. Only 

then can sensors be positioned at the 

right location and meaningful trigger 

thresholds defined. This must be 

complemented by calibration and in-

spection schedules, a reliable spare 

parts supply chain, and a structured 

deviation management. The storage 

and packaging of charged cells also 

require particular care. Where large 

number of cells are stored together 

over extended periods, spatial sepa-

ration should be provided alongside 

appropriate monitoring.

Conclusion
To meet the demand for LIB cells safe-

ly, one should go beyond conventional 

building-focused fire protection con-

cepts. A risk-based strategy incorpo-

rates machine and process safety and 

specifically addresses the risks of each 

individual manufacturing step. Such 

an approach protects employees and 

the environment, safeguards invest-

ments, and ensures compliance with 

safety requirements. TÜV SÜD sup-

ports companies in developing and 

implementing an integrated, risk-

based fire protection strategy. (bs) ■

 Author: Manuel Obert, Senior Project 

and Business Development Manager 

at TÜV SÜD Industrie Service 

 The majority of battery storage systems currently in use 
incorporate LIB cells. Risk-based fire safety measures dur-
ing the manufacturing process also protect the systems 
from the serious consequences of thermal runaway.

 Picture: Braillegrenate/Shutterstock 
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Charging with Integrated Energy Storage

High-Power Charging Infra-
structure for Any Location 
High-power charging no longer depends solely on large grid connections. Integrated 
DC systems that combine photovoltaics, battery storage, and fast charging create a 
more efficient and flexible foundation for future EV infrastructure.

N
early three million electric vehicles are current-

ly in operation across Germany, supported by 

roughly 50,000 fast-charging points. However, 

the expected growth in passenger EVs—driven, for ex-

ample, by new subsidy schemes—will require a substan-

tial expansion of fast-charging infrastructure. This ex-

pansion is constrained by limited grid capacity and high 

electricity prices. One promising solution is the direct 

use of solar power for fast charging.

While the combination of solar generation and fast 

charging is an obvious approach, only a limited num-

ber of providers have adopted it so far. Early adopters 

already combine PV modules with DC fast chargers 

but fail to fully exploit the potential, as they typically 

do not store the generated energy. Instead, surplus 

electricity is fed into the grid whenever no vehicle is 

charging.

Where a storage solution is integrated to enable local 

use of PV energy, it is usually implemented as a separate 

system, because PV systems, battery storage, and charg-

ing stations are often treated as distinct entities from 

both a regulatory and technical perspective, typically 

How can DC charg-
ing systems support 
high-power charg-
ing anywhere? Inte-
grated storage, PV, 
and a shared DC bus 
improve flexibility 
and efficiency.

Picture: XCharge
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connected via an AC coupling point. Such AC-cou-

pled architectures require multiple energy conver-

sions—from the PV inverter to the storage inverter 

and finally to the fast charger—resulting in signif-

icant losses. In addition, system separation com-

plicates coordinated control of energy flows.

A New Approach: DC Charging Systems 
with Integrated Battery Storage
To address these challenges, new solutions inte-

grate PV generation, battery storage, and 

high-power charging (HPC) technology into a 

single system based on a shared DC bus. All 

components operate directly on the DC level, 

eliminating conversion losses associated with 

AC coupling.

This is achieved, for example, through onboard 

maximum power point tracking modules (MPPT 

modules), which process solar energy directly and 

feed it into the DC bus. Separate inverters or exter-

nal power conversion systems are no longer re-

quired. In addition to reducing conversion losses, 

this approach also lowers space requirements as 

well as integration and maintenance effort.

The Right Mix: Fast Charging from Solar 
and Grid
This charging architecture is not merely theoreti-

cal but already in operation. Fast-charging systems 

with integrated storage are deployed, for example, 

in Pendleton (Oregon, USA). A photovoltaic sys-

tem with a capacity of 10 kWp continuously sup-

plies energy to the storage system, which has suffi-

cient capacity to charge a vehicle for several hun-

dred kilometers during a typical coffee break. In 

the absence of sufficient solar irradiation, the 

storage system can also draw energy from the grid, 

typically at night or during periods of low electric-

ity prices. Subject to appropriate regulatory frame-

works, feeding energy back into the grid is also 

possible.

How the DC Bus Architecture Works
One example of such a system is GridLink by 

XCharge. It integrates grid connection, photo-

voltaic generation, battery storage, and the 

fast-charging unit on a shared DC bus. This ar-

chitecture enables direct coordination of all 

energy flows within the power 

electronics. The AC grid connec-

tion primarily serves as a supple-

mentary energy source and typi-

cally provides a connection ca-

pacity of around 44 kW. Higher 

charging power is delivered by the 

integrated battery storage, which 

buffers peak loads and enables 

high-power charging even with 

limited grid capacity. As a result, a 

high-capacity grid connection in 

the range of several hundred kilo-

watts is not required.

The system architecture is 

based on three module types: bidirectional AC/

DC modules for grid and microgrid connection, 

bidirectional DC/DC modules for battery inte-

gration, and MPPT modules for direct PV inte-

gration. A central charger controller coordinates 

all power modules and manages energy flows in 

real time. Power modules communicate via 

CAN (Controller Area Network), the battery 

management system via Modbus, and backend 

connectivity is provided through OCPP (Open 

Charge Point Protocol).

Integration of Small and Large 
PV Systems
Two integration pathways are available for PV 

systems. Smaller PV capacities can be connected 

directly via integrated MPPT modules (typically 

up to approximately 30 kW). Larger PV installa-

tions are coupled to the DC bus via external 

power electronics, enabling higher capacities but 

requiring more precise coordination of bus volt-

age, interfaces, and protection mechanisms.

The system operates in a grid-following mode 

and does not provide grid-forming capabilities. 

Microgrid operation is therefore only possible if 

an external grid-forming energy source is avail-

able. However, the modular architecture allows 

for scalability of power modules as well as firm-

ware-based extensions of a lot of the operating 

functions.

Grid-Independent Deployment of New 
Charging Sites
With the ongoing solar boom—more than one 

million new PV systems were installed worldwide 

in 2024 alone—and the increasing number of elec-

tric vehicles, the intelligent coupling of fast charg-

ing, photovoltaics, and battery storage is becom-

ing increasingly important.

Fully integrated DC architectures enable, for 

the first time, the systematic use of locally gener-

ated solar energy for high-power charging without 

requiring the costly and time consuming installa-

tion of new high-capacity grid connections. 

Fast-charging sites are thus evolving from passive 

electricity consumers into active nodes within the 

energy system. (na) ■

Author: Albina Iljasov, Head of Europe at XCharge

This new solution integrates PV generation, battery storage, and 
high-power charging (HPC) technology into a single system based 
on a shared DC bus.

Picture: XCharge
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 How can electric two- and 
three-wheelers overcome de-
sign challenges? Efficient mo-
tor control improves range, 
thermal performance, noise 
control, and cost.

 Picture: Dewi - stock.adobe.com 

Advancing Electric Micro-Mobility 

 Designing Efficient Electric 
Two- and Three-Wheelers  
 Electric two- and three-wheelers are reshaping urban mobility. Efficient 
motor control, thermal management, and scalable reference designs are 
helping improve range, reliability, and affordability across vehicle classes. 
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T
he global movement towards sustainable trans-

portation is accelerating, and e-mobility solu-

tions—such as e-kick scooters, e-bikes, e-scoot-

ers and electric rickshaws—are at the forefront of this 

transformation. These innovative vehicles are not only 

reducing pollution but also providing a more efficient 

and convenient way to navigate increasingly crowded 

urban environments. According to a report in Travel 

and Mobility Tech (TNMT), e-bikes and e-scooters 

have a significantly lower per-capita carbon footprint 

compared to other modes of transportation.

The electric scooter market is booming. Meticulous 

Research projects it will surpass $405 billion by 2031, 

with nearly 300 million units in circulation. This re-

markable growth is fueled by localizing production in 

emerging economies, shifting consumer preferences 

and strong government initiatives aimed at easing 

congestion and cutting emissions. Supported by gov-

ernment incentives and improved infrastructure, cities 

across Europe, North America and Asia are embracing 

e-kick scooters, e-bikes and e-scooters to reduce traffic 

and fossil fuel use.. In these regions, micro-mobility 

options are increasingly integrated into urban trans-

port networks, with app-based rentals and dedicated 

lanes making them even more accessible. On the other 

hand, the Asia-Pacific region is expected to dominate 

the sector, accounting for over 80% of global electric 

two- and three-wheelers sales. In South Asia, electric 

two-and three-wheelers are quickly replacing tradi-

tional two-wheelers like mopeds, motorcycles and 

three-wheelers also known as rickshaws. In countries 

like India, the Philippines, Vietnam and Thailand, this 

shift is driven by rising fuel costs, supportive policies, 

and growing environmental awareness, offering clean-

er and more efficient urban transport. 

Environmental and Economic Benefits
E-mobility solutions offer significant advantages by 

reducing air pollution, promoting sustainability and 

providing economic benefits. Unlike traditional vehi-

cles that emit harmful pollutants such as carbon diox-

ide (CO
2
), nitrogen oxides (NO

x
) and particulate 

matter (PM), full electric vehicles produce zero tail-

pipe emissions, resulting in cleaner air and a healthier 

environment. They also promote sustainability by re-

ducing dependence on fossil fuels and utilizing renew-

able energy sources like solar, wind and hydroelectric 

power which help mitigate climate change by lowering 

greenhouse gas emissions. Additionally, electric vehi-

cles are economically advantageous, with lower oper-

ating and maintenance costs compared to traditional 

vehicles, as electricity is cheaper than gasoline or die-

sel, and they require less service due to fewer moving 

parts. For businesses, adopting e-mobility solutions 

can lead to cost savings and improved operational ef-

ficiency, making them a smart choice for a greener and 

more cost-effective future.

Motor Control for Electric Two-and 
Three-Wheelers
Motor control is the core technology in electric two- 

and three-wheelers, precisely managing how battery 

power is delivered to the motor. The controller pro-

cesses throttle and sensor signals, dynamically adjust-

ing voltage and current to control speed, torque and 

direction. Most vehicles in this segment use brushless 

Average Carbon 
Emissions by Trans-
port Type

Picture: Microchip
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DC (BLDC) or permanent magnet synchronous motors 

(PMSM), paired with advanced algorithms like 

Field-Oriented Control (FOC) for smooth, efficient and 

responsive performance. Modern motor controllers go 

beyond basic power delivery. They integrate seamlessly 

with battery management and connectivity systems, en-

abling real-time diagnostics, remote updates and en-

hanced safety features. As electrification accelerates, the 

complexity of these systems increases, presenting new 

design challenges in efficiency, thermal management 

and system integration. Addressing these challenges is 

essential to ensure optimal performance, safety and reli-

ability for the next generation of electric two- and 

three-wheelers.

Design Challenges
Despite their promise, electric two- and three-wheelers 

face several design hurdles. Range anxiety remains a top 

concern, requiring improvements in system efficiency 

and better management of switching losses. Effective 

thermal management is essential, especially with the rise 

of high-power charging. Noise reduction, both acoustic 

and electromagnetic, is increasingly important for user 

comfort and regulatory compliance. Finally, balancing 

size, weight and cost is critical to making these vehicles 

compact, lightweight and affordable for a broad range of 

consumers.

Range Anxiety
Advanced motor control techniques play a crucial role in 

overcoming range anxiety for electric two-wheelers. 

Alongside improvements in battery technology and the 

adoption of high-efficiency motors like BLDC and 

PMSM, featuring advanced materials such as rare-earth 

magnets and high-grade silicon steel, as well as algo-

rithms such as FOC are key to maximizing performance. 

FOC enables precise, independent management of mo-

tor torque and magnetic flux, resulting in smoother ac-

celeration, enhanced responsiveness and greater overall 

efficiency. It also supports energy-saving features like 

regenerative braking and optimized riding modes, both 

of which help extend vehicle range. When combined 

with effective thermal management and regular mainte-

nance, FOC ensures consistent performance and longer 

battery life.

Building on the foundation of FOC, Maximum 

Torque Per Ampere (MTPA) takes efficiency a step fur-

ther by optimizing the motor’s current to deliver the 

highest possible torque for the least amount of energy. 

MTPA dynamically adjusts the d-axis and q-axis cur-

rents, allowing the motor to operate at its most efficient 

point under varying load conditions. In Eco-mode, MT-

PA maximizes range by minimizing energy losses, while 

in Sports Mode, it enables strong acceleration and dy-

namic performance. By integrating MTPA with FOC, 

electric two-wheelers achieve superior energy efficiency, 

reduced battery consumption and a more reliable, 

range-optimized riding experience.

Thermal Management
Thermal management is a critical aspect of any electric 

vehicle design, as the motor, inverter and battery gener-

ate significant heat during both operation and charging, 

which can negatively impact performance, safety and 

component longevity if not properly controlled. Over-

heating, especially under high loads or during high-pow-

er charging, can reduce efficiency and even cause dam-

age. To address these challenges, manufacturers employ 

advanced cooling techniques such as liquid cooling 

which is highly effective but more complex, and forced 

air cooling which is simpler but less efficient. Addition-

ally, smart thermal management algorithms, including 

those integrated with Field-Oriented Control, help opti-

mize motor performance and prevent overheating by 

actively managing thermal loads. During high-power 

charging, active cooling systems and optimized charging 

algorithms further help dissipate excess heat and ensure 

safe, efficient charging. By combining these advanced 

cooling methods and intelligent control strategies, elec-

tric two-wheelers can achieve greater reliability, safety 

and long-term durability.

Design challenges in 
micro mobility vehi-
cles

Picture: Microchip

FOC ensures consist-
ent performance 
and longer battery 
life.

Picture: Microchip

70   AUTOMOBIL ELEKTRONIK E/E-Entwicklung für Entscheider • 03/2026

SPECIAL Electrification

1778584665-7i0c9.indd   70 5/12/2026   1:17:49 PM



Noise Reduction
Reducing noise and managing electromagnetic interfer-

ence (EMI) are two critical aspects of motor control 

systems in electric vehicles. Advanced algorithms such 

as Field-Oriented Control (FOC) help minimize torque 

ripple and acoustic noise, while precise manufacturing 

of motor components addresses mechanical imbalances 

and misalignments for quieter operation. On the EMI 

front, high-precision current sensing and active EMI 

filtering in the circuitry dynamically reduce high-fre-

quency noise. Flux concentrators, made from high-per-

meability materials like ferrite, play a vital role by en-

hancing magnetic field accuracy for current sensing, re-

ducing stray electromagnetic emissions and shielding 

the system from external interference. Optimizing the 

design of these components—including material selec-

tion, geometry and air gap size—further improves their 

effectiveness. By integrating advanced control algo-

rithms, meticulous manufacturing, and innovative com-

ponents like flux concentrators, motor control systems 

achieve superior noise reduction and EMI management.

Size, Weight and Cost Management
Electric two- and three-wheelers face significant chal-

lenges related to size, weight and cost, all of which influ-

ence their performance, usability and market adoption. 

To address these challenges, manufacturers are using 

lightweight materials such as aluminum, carbon fiber 

and magnesium, along with compact motors and batter-

ies for more streamlined and portable designs. Achiev-

ing a high power-to-weight ratio is also crucial, with ef-

ficient motors and optimized powertrain configurations 

(such as 48V, 72V or 96V systems) delivering strong 

performance without unnecessary bulk. Cost-effective 

solutions, including mass production, standardized 

components, affordable lithium-ion batteries and gov-

ernment incentives, help make electric two-wheelers 

more accessible. From a motor control perspective, ad-

vanced algorithms like Field-Oriented Control help 

maximize efficiency, while integrated motor-control 

units and robust thermal management systems further 

reduce size and weight and ensure reliable operation. By 

addressing these factors, the industry can drive innova-

tion, enhance usability and accelerate the widespread 

adoption of e-mobility solutions.

Reference designs
Microchip addresses these challenges with a suite of 

scalable reference designs for electric two- and 

three-wheelers, spanning applications from compact 

e-kick scooters (18–42V, up to 350W) and e-bikes 

(24/48V, up to 1 kW) to high-power e-scooters and 

e-rickshaws (48V nominal, up to 85V DC, 3–10 kW). 

These designs feature sensored and sensorless motor 

control, advanced FOC, MTPA, field weakening, regen-

erative braking and multiple operation modes. Compre-

hensive safety and protection mechanisms are built in, 

along with flexible interfaces for throttle, brake, sensors, 

encoders and debugging, making the platform adaptable 

for a wide range of electric mobility applications. (na) ■

Author: Pramit Nandy, Product Marketing Manager,  

Microchip Technology

Speed and torque 
characteristic

Picture: Microchip

Microchip provides a 
suite of scalable ref-
erence designs for 
electric two- and 
three-wheelers.

Picture: Microchip
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Conference October 21-22, 2026 in Munich

The Automotive Battery 2026

The Automotive Battery conference addresses 
battery technologies, strategies, and market 
trends for electric vehicles. Technical presenta-
tions and discussions offer practical in-
sights.  The eighth Automotive Battery confe-
rence will take place on October 21 and 22, 
2026, at the SV-Hochhaus in Munich. Amid a 
rapidly changing regulatory and technological 
landscape, the conference provides guidance 
and insights into the battery of the future. The 
key topics for 2026 are:
•  Technological and economic challenges of 

cell manufacturing in Europe
•  Changes in EU regulations – Battery Pass & 

sustainability requirements
•  Recycling strategies and second-life concepts
•  Solid-state batteries and new battery materi-

als
•  Safety aspects: thermal propagation & co-

oling technologies

•  Battery trends for heavy-duty commercial ve-
hicles

The focus of the 8th Automotive Battery fur-
ther is on fast charging, stationary storage, re-
cycling & second life, market topics, presentati-
ons from China/ASEAN, military battery appli-
cations compared to passenger cars, warran-
ties, charging infrastructure, the global market, 
energy generation & marketing, as well as train 
and commercial vehicle batteries. With practi-
cal case studies, international perspectives, 
and interactive discussions, we provide a com-
prehensive overview of materials and cells, 
system integration, safety and warranties, re-
gulation, and market processes. We look for-
ward to exciting presentations, best practices, 
and inspiration for the next generation of mo-
bility batteries.
You can register for the conference using the 
QR code on the left.

October  21 - 22, 2026, Munich

GET YOUR TICKET NOW

www.ultimamedia.de/automotive/
automotive-battery/

10% discount
with Code
PM2026
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10BASE-T1S to 10GBASE-T1

Test Solutions for Automotive Ethernet

Keysight Technologies has in-
troduced two test solutions for 
automotive Ethernet receiver 
compliance, covering 10BASE-
T1S to 10GBASE-T1. They ad-
dress the need to validate re-
ceiver robustness as zonal ar-
chitectures, software-defined 
vehicle functions and higher 
data rates increase physical-lay-
er requirements.  The 10BASE-
T1S solution, developed with 
BitifEye Digital Test Solutions, 
targets multi-drop Ethernet 
networks for zonal and 
edge-controller applications. It 
automates receiver compliance 
tests according to Open Alli-
ance TC14 PMA Test Suite 5.2.1 
and verifies bit error rate under 

impaired channel and coupled 
noise conditions.  For optical 
in-vehicle links, Keysight adds 
an nGBASE-AU physical-layer 
testbed. It supports IEEE 
802.3cz Amendment 7, 2023 
and Open Alliance TC7 specifi-
cations, including TDFOM 
measurements such as OMA, 
extinction ratio, average optical 
power and optical amplitude 
ratio. FlexDCA provides test au-
tomation for compliance and 
development setups.

-40 °C to +180 °C

Flat-wire inductors

Under the designation WE-
SFIA, Würth Elektronik is intro-
ducing a new series of flat-wire 
inductors in the 2010, 2013 and 
2016 package sizes. The induc-
tors stand out thanks to an ex-
ceptionally low DC resistance 
and an extended operating 
temperature range from -40 °C 
to +180 °C. WE-SFIA is available 
as a catalogue component, but 
can also be adapted as a basis 
for customer-specific require-
ments. The WE-SFIA inductors 
are designed for highly efficient 
DC/DC converters in automo-
tive environments, such as sin-
gle-phase and multiphase con-
verters, as well as buck and 
boost converters with high sat-

uration currents of up to 150 A. 
Further applications as filter 
chokes include battery man-
agement, motor, audio and in-
fotainment systems. The flat-
wire technology used in these 
inductors offers a number of 
advantages: it is mechanically 
more robust and enables tight-
er, more uniform winding as 
well as improved heat dissipa-
tion. Flat-wire windings also 
provide a larger cross-sectional 
area, reducing electrical resist-
ance.

Up to 98.3 Mbps

Automotive Audio Bus

Analog Devices has released 
A²B 2.0, the latest generation of 
its Automotive Audio Bus tech-
nology, to full production. The 
new version offers four times 
higher full-duplex bandwidth, 
up to 98.3 Mbps, and supports 
up to 119 upstream and 119 
downstream audio channels. It 
also enables Ethernet data tun-
neling via the Open Alliance SPI 
(OASPI) interface, supporting 

integration into modern in- 
vehicle and software-defined 
vehicle architectures. A²B 2.0 is 
designed for applications re-
quiring low, deterministic 
latency, including road-noise 
cancellation, in-car communi-
cation, premium audio and in-
fotainment systems. Analog 
Devices specifies a latency of 
62 μs and expects system cost 
reductions of up to 30 % 
through higher functional inte-
gration and fewer external 
components. The technology 
remains compatible with exist-
ing A²B 1.0 cabling and connec-
tor infrastructure, offering 
OEMs and Tier 1 suppliers a 
straightforward upgrade path.

Data rate of 1.16 Mbps

Ultrasonic Chipsets

 
Bosch has introduced its new 
TB193 and TB293 ultrasonic 
chipsets for AI-based near-field 
perception in vehicles. Designed 
for parking and driver assis-
tance systems, the chipsets 
capture raw ultrasonic sensor 
data directly at the source, ena-
bling more precise object de-
tection and distance measure-
ment. The TB293 sensor chip is 
mounted at the ultrasonic 
transducer and records the raw 
signals, while the TB193 control 
chip coordinates multiple sen-
sor chips and prepares the data 
for further processing. With a 
data rate of 1.16 Mbps, the 
solution supports real-time 

transfer of large data volumes 
for AI algorithms and sensor 
fusion with camera and radar 
data. Bosch also introduces the 
open VASI bus, which transfers 
both data and power and gives 
OEMs more flexibility in sensor 
selection. The chipsets consume 
up to 50 % less energy, require 
fewer peripheral components 
and pins, and can reduce compo-
nent weight by up to 50 %. They 
operate reliably at tempera-
tures up to 150 °C.

New Products

 

Development Engineer Power 
Electronics (m/f/d)
Bern (Switzerland)
Jobware-ID 061670717

Technical Editor (m/f/d)
Paderborn  
Jobware-ID 061886685

Engineer for Image Processing and 
AI  (m/f/d)
Vilsbiburg
Jobware-ID 055297709

Technical Product Owner (m/f/d)
 

Jobware-ID 061858957
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T
he CTO proudly presented the new AI-pow-

ered development system to his fellow board 

members: autonomous agentic AI, automated 

test generation, code reviews in seconds. Everyone is 

thrilled. This must be the breakthrough – applause! Six 

months later, the program is behind schedule, the 

budget has been blown, and the teams are frustrated. 

The technology was excellent, the organization sur-

rounding it was not. A good intention turned into a 

poor implementation.

This story is not an isolated case. Billions are cur-

rently being poured into AI systems that hold great 

promise: ultra-fast development, elimination of 

non-creative work, and continuous optimization 

through self-learning. Yet the impact often fizzles out. 

Not because the technology fails to deliver, but be-

cause the organization isn’t ready for it. Experience 

shows that organization beats technology. Even the 

most advanced AI system only creates value if it is 

embedded within the organization. 

That may sound trite, but it isn’t. Most companies 

pour all their energy into technology and hope that 

people will figure out how to use it on their own. But 

that doesn’t work. Without further developing the or-

ganization, results will only come about by chance.

Speed requires structure
While this is a truism and nearly every company can at-

test to it, learning from it remains unpopular. The fol-

lowing suggestions may help.
 ■ AI requires a data culture: AI systems are only as good 

as the data they operate on. Organizations that have 

hoarded data in proprietary silos for years will find that 

their AI investments lead to costly frustration.
 ■ AI requires throughput: AI systems can reduce devel-

opment time to minutes for tasks that used to take 

weeks. That sounds like a breakthrough, but it’s only half 

the story if bottlenecks occur afterwards. The solution 

lies in scalable integration and validation processes that 

enable high throughput.
 ■ AI requires upskilling: Simply purchasing AI systems 

and handing them over to teams that don’t know how to 

use them is not a transformative approach. It is an in-

vestment without a strategy. Real progress can only be 

achieved when the deployment of technology and up-

skilling go hand in hand.

AI systems are redefining what is technically possible. But 

it is the organization’s capabilities that will determine what 

actually makes it onto the road. Anyone who focuses on 

just one of these levers is wasting money – even with the 

most advanced technology. (na) ■

Organization is the AI brake 

Dr. Dieter Lederer
Change thought 

leader, author,  

entrepreneur, and 

musician 

His latest book: Der 

Change Code
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Die DNA von Metrofunk
ist Leistungsgarant 

im Automobil

Metrofunkkabel-Union GmbH
Motzener Str. 12,
D-12277 Berlin,
Tel. 030 79 01 86 0
info@metrofunk.de – www.metrofunk.de
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Driving 
automotive 
forward

Hybrid and electric vehicle powertrain 
systems Enabling longer distances 
between charges, higher performance and 
safer, more affordable vehicles

Advanced driver assistance systems  
Creating a safer driving experience while 
building the foundation for the highly 
autonomous vehicle

Zone architecture Bringing you one step 

Infotainment and cluster Making the  
driving experience smarter and safer 
through advanced display communication 
and connectivity capabilities

Body electronics and lighting Optimizing 
comfort and convenience in and around  
the vehicle with innovative analog and  
embedded processors

Whatever your automotive design challenge, our analog and  
embedded processing products, design resources and easy 
sourcing and purchasing help you deliver innovation faster  
and prepare for the road ahead.

Learn more 
at TI.com/
auto 
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