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The Brain of Modern Vehicles: Understanding Car Computing COMMUNICATIONS SOLUTIONS

Automotive technology has consistently advanced toward greater automation and seamless user
experiences. As more electronic systems are integrated, the car is evolving from a purely mechanical
machine into an intelligent, responsive entity.

Technology has always been driving towards making the automotive experience more automated and
seamless. With more and more electrical components integrated into the car, it has been steadily
transitioning from a purely mechanical device to an engine that has a mind of its own. Now, this is not just
a string of words thrown around for the sake of it. You will think so too when you come across the concept
of Car Computing and the Central Computing Unit, which plays a pivotal role in aggregating and integrating
various functions and Electronic Control Units (ECUs).

This article delves deeper into the sophisticated nature of modern vehicles, emphasizing how the
CCU serves as the nucleus of integration, ensuring that multiple ECUs work together harmoniously. This
evolution is further propelled by the emergence of Software-Defined Vehicles (SDVs), which leverage
software to enhance integration and functionality across all vehicle systems. If vehicle power was once
only measured in horsepower, it may be time to reconsider and count in its brain capacity as well. In the
course of the article, we will also look at the different systems that come togetherto enhance performance,
safety, and connectivity through the CCU’s ability to aggregate and manage data from multiple ECUs.

The Central Computing Unit: A Closer Look

At the core of car computing lies the Central Computing Unit, often referred to as the vehicle's brain. This
pivotal component is responsible for aggregating and integrating a myriad of electronic systems, ensuring
that every aspect of the vehicle operates in harmony. In the context of Software-Defined Vehicles, the CCU
plays a pivotal role in managing software applications that govern various vehicle functions, allowing for
more dynamic updates and enhancements. The CCU integrates and processes data from an extensive
network of sensors and subsystems, allowing it to make real-time decisions that optimize performance
and enhance safety. The CCU's ability to manage performance is crucial. It monitors various parameters,
such as engine efficiency and driving conditions, to ensure that the vehicle operates at its best. By
analyzing data from the engine and other components, the CCU can make adjustments that improve fuel
efficiency and reduce emissions, contributing to a more sustainable driving experience.

Exploring the Integration of Systems in Car Computing

Car computing represents a convergence of various electronic systems that work together to enhance
vehicle performance, safety, and user experience. The Central Computing Unit (CCU) serves as the
nucleus of this integration, aggregating and coordinating the interaction among diverse components and
subsystems. Let’s look at how these systems come together to create a cohesive car computing
environment

1. The Central Role of the CCU

The CCU is often referred to as the "brain" of the vehicle, and for good reasons. As SDVs become more
prevalent, the CCU'srole as the 'brain' extends beyond mere data processingto include managing complex



software environments that support advanced functionalities like autonomous driving. Here are some
general features:

o Data Integration and Processing: The CCU gathers data from an array of sensors—ranging from
engine temperature and tire pressure to GPS and camera feeds. This data is processed in real-time,
allowing the vehicle to make informed decisions.

¢ System Coordination: By managing the interactions between systems such as Advanced Driver
Assistance Systems (ADAS), infotainment, and climate control, the CCU ensures that all
components work in harmony.

2. Interconnected Systems and Their Contributions

The effectiveness of car computing hinges on the integration of various interconnected systems. Software-
defined architectures allow for seamless integration among these systems, enabling features such as over-
the-air updates that enhance safety and performance without physical intervention.

e Transmission Control System: The transmission control system manages gear shifts and power
distribution. The CCU coordinates with this system to provide a responsive driving experience,
adapting to the driver's behavior and road conditions.

o Safety Systems: Safety features such as anti-lock braking systems (ABS), electronic stability
control (ESC), and collision avoidance systems rely on the CCU for coordination. By integrating data
from various sensors, the CCU can make rapid decisions to enhance vehicle safety.

¢ Infotainment and Connectivity: The infotainment system provides entertainment and navigation
services, while the CCU enables connectivity with smartphones and the internet. This integration
allows for real-time updates, voice commands, and enhanced user interaction.

o Climate Control System: The climate control system maintains passenger comfort by regulating
temperature and air quality. The CCU monitors environmental conditions and user preferences,
adjusting settings accordingly for optimal comfort.

Connectors in Central Computing Units

Connectors are an integral part of the Central Computing Unit (CCU) as they enable communication
between various electronic components within a car. These connectors ensure reliable data transmission
and power transmission, which is crucial for the CCU's role in aggregating and integrating the functions of
multiple Electronic Control Units (ECUs).

The CCU can be connected to the ECUs by separate connectors or by one connector that combines
multiple types of connections such as signal, mid power, high power, Ethernet, coaxial, USB, etc.

The modular connector from Amphenol is a solution that houses different types of automotive Ethernet
connections in one connector according to the customer's architecture. By combining all these
connections, you save space and cost during mating. The construction of this connection is based on
separate modules, which also enable an easier cable assembly process that reduces costs as it is less
complicated than a large I/0 connector.



Here are some of the USCAR & LV214 -rated automotive interconnect solutions from Amphenol that are
used in the Central Computing Unit and other parts of the car.

The Automotive Grade PCIl Express® Gen 5 Card Edge Connectors are
compliant with USCAR specifications and are typically used for high-
speed data transfer between motherboard-mounted peripherals, a
passive backplane interconnect, and as an expansion card interface for
add-in boards such as GPU or any other Accelerator Cards.

Another requirement in the CCU is high-speed data storage.

The Automotive Grade PCle°M.2 Gen 4 Card Edge
Connectors are ideal for automotive applications due to their
flexibility, scalability, and reliability, and USCAR compliant. They
offer massive data storage for high-resolution 3D maps, ADAS
data, and media, and can easily be swapped or upgraded to meet
future storage needs. Additionally, they can serve as temporary
caches for sensor data and archives for older software versions,
ensuring safety and functionality in ADAS systems.

The Automotive USB Solution - Mini HSBridge+ connectoris ideal for
integrating USB connectivity in vehicles, allowing for connections to
smartphones and other devices. It supports features like charging and
data transfer.

The DensiStak” 1034 pin Open-Pin-Field Board-to-Board
Connector is used in applications where multiple connections are
needed between different boards within the vehicle's electronic
architecture, such as connecting sensors to control units for data
processing.

The compact and space-saving FFC Jumper is often used for connecting
) various electronic components in tight spaces within vehicles, such as in

~

dashboard assemblies or seat control modules.



https://www.amphenol-cs.com/product-series/automotive-pcie-gen5.html
https://www.amphenol-cs.com/product-series/automotive-pcie-m2-gen4.html
https://www.amphenol-cs.com/product-series/automotive-pcie-m2-gen4.html
https://www.amphenol-cs.com/product-series/mini-hsbridge-plus.html
https://www.amphenol-cs.com/product-series/densistak-board-to-board.html
https://www.amphenol-cs.com/product-series/densistak-board-to-board.html
https://www.amphenol-cs.com/product-series/ffc-jumper.html

The FloatCombo™ 0.50mm Floating Board-to-Board Connectors
with Power Pin are used in the powertrain of the car ensuring reliable

connections for various electronic modules and the CCU, thus
supporting the overall integration of vehicle functions

When individual connections between the ECUs and CCU are required,
Amphenol offers a variety of connectors
like MicrospaceXS™, WireLock’ and Ve-NET™ that are approved for
USCAR and LV214. With Ve-NET", Amphenol provides a high-speed data
connector compliant with IEEE 802.3cy (25Gb/s), ensuring compatibility

with automotive configurations.

USCAR

The connectors mentioned above handle connections between different units; however, inside the

CCU, connections must also transfer power and data between PCB stacks. Data transfer inside the CCU
utilizes the PCle® protocol while communication between the CCU and ECUs is based on Ethernet protocol
due to Ethernet's capability to reach longer lengths (up to 15m). PCI Express is utilized within the CCU to
transfer data between chipsets.

The connectors used to transfer PCle’ data include board-to-board connectors and floating board-to-
board connectors. This data transfer can be combined with power as well. Amphenol has a wide variety of
board-to-board connectors with different stacking heights to enable this. These connectors can also be
equipped with shielding to create a ground connection to protect chipsets. These connectors also have
been tested according to USCAR requirements applicable for board-to-board applications.

Overcoming Integration Hurdles in Car Computing

While the integration of various systems into car computing offers numerous benefits, it also presents
challenges that must be addressed. As vehicles transition to software-defined architectures,
manufacturers face new challenges related to software complexity, including ensuring cybersecurity and
compliance with evolving regulations

Complexity of Integration:

Asvehicles become more sophisticated, the complexity of integrating various systems increases. Ensuring
that different systems communicate effectively without interference is crucial for reliability and
performance, particularly as the Central Computing Unit (CCU) takes on the role of aggregating and
integrating data from multiple Electronic Control Units (ECUs).

Implementing standardized communication protocols, such Ethernet AVB (Audio Video Bridging), can
streamline this integration process. These protocols facilitate effective data exchange between
components, reducing the chances of communication failures and enabling the CCU to synthesize


https://www.amphenol-cs.com/product-series/ffc-jumper.html
https://www.amphenol-cs.com/product-series/ffc-jumper.html
https://www.amphenol-cs.com/product-series/microspace-high-voltage-crimp-to-wire.html
https://www.amphenol-cs.com/product-series/wirelock.html
https://www.amphenol-cs.com/product-series/ve-net-automotive-multigigabit-differential.html

information from diverse sources seamlessly. Additionally, adopting modular architecture allows for easier
updates and maintenance, further alleviating integration complexities.

Cybersecurity Risks:

Cyber threats cannot be understated. With increased connectivity comes the risk of cyber threats,
particularly as the Central Computing Unit (CCU) aggregates and integrates various functions from
multiple Electronic Control Units (ECUs), protecting the vehicle's computing systems from unauthorized
access is essential to safeguard both the vehicle and its occupants.

Implementing advanced cybersecurity measures, such as encryption, intrusion detection systems, and
regular software updates, can significantly mitigate these risks. These measures ensure that the CCU can
securely manage data from diverse sources while maintaining the integrity of integrated systems.
Establishing a comprehensive cybersecurity framework during the design phase will ensure that security
isintegrated into every aspect of vehicle computing. This reinforces the CCU's role as a central hub for data
aggregation and function integration. Building user awareness is also key.

Regulatory Compliance

As automotive technology evolves, manufacturers must navigate a landscape of regulations and
standards from different governing bodies like the NHTSA and European Commission, to ensure
compliance. Complying with data privacy laws like GDPR, and regulations like UNECE's WP.29 R155 and
R156 for cybersecurity and data privacy laws are important. As a developing area of technology, one must
be updated to keep up with the industry standards.

To address this challenge, one can establish dedicated compliance teams that stay updated on regulatory
changes, as it effectively helps in staying updated with industry standards is crucial for the CCU to
effectively manage integrated systems while ensuring compliance. Collaborating with regulatory bodies
during the development phase can also help integrate compliance considerations into the design of the
CCU and its interactions with various ECUs.

The Future of Car Computing

As vehicles transition to software-defined architectures, manufacturers face new challenges related to
software complexity, including ensuring cybersecurity and compliance with evolving regulations. As
autonomous driving technology matures, the role of the CCU will expand significantly becoming
the central hub for aggregating and integratingdata from various Electronic Control Units
(ECUs). Enhanced processing capabilities and advanced algorithms will be required to manage complex
driving scenarios and ensure safety.

Another significant development is the Vehicle-to-Everything (V2X) Communication. Future vehicles will
likely communicate with other vehicles, infrastructure, and the cloud, creating a more connected and
intelligent transportation ecosystem. This integration will facilitate improved traffic management and
enhanced safety. This highlights the role of the CCU’s role in synthesizing information from multiple
sources.



One cannot also overlook the aspect of sustainability and efficiency as we power ahead. Innovations in
electric vehicle (EV) technology and energy management systems will further integrate with car computing
to enhance sustainability and efficiency. The CCU will play a crucial role in optimizing battery usage and
energy consumption by coordinating data from various systems to ensure that energy resources are used
effectively.

End Notes

The integration of various systems into car computing represents a significant leap in automotive
technology. Amphenol's commitment and contribution to further the Car Computing revolution are
underscored by its high-performance connectivity solutions tailored for the automotive industry.
Amphenol offers a diverse range of advanced connectors and interconnect systems that support the
Central Computing Unit (CCU), Advanced Driver Assistance Systems (ADAS), and infotainment modules.
By providing high-speed data transmission and power transmission, Amphenol is pioneering car
computing, focusing on modular designs, while ensuring compliance with industry standards.

Overall, Amphenol’s advanced interconnect solutions enable the CCU to effectively aggregate and
integrate data from multiple ECUs, enhancing overall vehicle performance, safety, and user experience.
This capability is vital as vehicles become increasingly complex, requiring seamless communication
between systems to function optimally.

Amphenol's strength lies in its ability to provide reliable, high-quality interconnect solutions that enhance
vehicle performance, safety, and user experience in an increasingly complex automotive landscape.

Amphenol understands that the journey towards a fully integrated car computing ecosystem is not just
about enhancing the driving experience, it is about redefining mobility for the future. Check out our

powerful automotive connectors here.
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