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AbstrAct 
Today, we are seeing an electronic and safety system driven era of profound 
change in the automotive industry. The System on Chip (SoC) is really focused 
on this revolution; it’s a powerful integrated Circuit (IC) that’s able to put 
several components in a single chip. Yet the latest-generation sophisticated 
SoCs are transforming how vehicles operate, communicate and protect their 
vehicle occupants, and more. The movement of cutting edge SoC solutions 
to automotive applications is reviewed, and evaluated in terms of its in-
fluence on vehicle performance, connectivity and safety. But with vehicles 
becoming more connected and autonomous – electronic systems are needing 
to be more powerful, efficient and secure. Modern vehicles have a variety 
of computational requirements that automotive manufacturers and suppliers 
are attempting to meet in order to achieve robust security, and automotive 
manufacturers and suppliers are racing to develop innovative SoC solutions 
that can accommodate these computational requirements. From advanced 
driver assistance systems (ADAS), to infotainment and control, automotive 
electronics are becoming the basis of such SoCs. As with all the latest trends 
of automotive SoC design and the challenges a developer has to go through 
in the market, this is a comprehensive study. Additionally, we will complete 
further discussion about the importance of cybersecurity for cybersecurity in 
these complex systems and cyber standards which define the conditions for 
the formation of these systems. To the world of automotive SoC technology, 
and how this is evolving to reach for the skies.
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Automotive electronics: the evolution
Automotive electronics have certainly had quite a 
journey far from it. It is the needs and the technology 
that are always changing. The change has been 
rapid and revolutionary from simple engine control 
units to the complex computer based systems of  
today.

Automotive Electronics – Early Days
However, when we were just infants with automotive 
electronics, none of them were any more sophisticated 
than their basics such engine management and basic 
dashboard displays. The rudimentary systems were 
for use as precursors to more complex applications, 

but not suited to either integration or applicability.  
In the days when the digital technology has developed 
rapidly, from analog circuits to digital circuits, 
automotive electronics were thus changed. This 
would help in controlling vehicle functions to a larger 
extent and also will help bring these details to a level 
as close to today’s technological marvels like anti 
lock braking system (ABS) and electronic stability 
control. The introduction of in vehicle networks 
like Controller Area Network (CAN), FlexRay was a 
milestone. For vehicle system management task, it 
was made that the electronic control units (ECUs) can 
communicate with each other through these networks  
(Figure 1).
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Advanced Driver Assistance Systems 
Emergence
ADAS advanced development was the quantum leap 
of today’s automotive electronics. There are adaptive 
cruise control and lane departure warnings in these 
systems and they are highly technological and it 
is using very sophisticated sensors and processing 
that is starting to push lines of what possibly can be 
done in vehicle technology. Much to the delight of 
the automotive industry, System on Chip technology 

has hit the scene and it’s highly integrated, highly 
efficient product design allows unprecedented levels 
of performance in a small footprint. A chip that 
encompasses a bunch of a computer or an electronic 
system’s components is called an SoC. Such a processor 
includes a memory and input/output ports; other kinds 
of special circuitry are also included (Table 1).

But integrating SoCs into products for the 
automotive market brings several advantages: reduced 
power consumption, smaller size, more reliability. 

Fig. 1: Controller Area Network

Table 1. SoC Solutions for Automotive Electronics

Challenge Description Impact

Power Consumption Automotive SoCs need to provide high 
performance while minimizing power us-
age.

Higher power consumption can reduce 
fuel efficiency and increase battery de-
mands.

Real-Time Performance SoCs must handle time-sensitive tasks 
and provide immediate responses to crit-
ical events.

Failure to meet real-time deadlines can 
compromise safety and vehicle perfor-
mance.

Temperature Variability Automotive environments have wide tem-
perature ranges that can affect the reli-
ability of components.

Excessive heat can lead to hardware fail-
ure and reduced lifespan of components.

Data Security and Privacy With the increase of connectivity in ve-
hicles, security and privacy concerns be-
come critical.

Data breaches or unauthorized access to 
vehicle systems can lead to safety and 
privacy risks.

Integration with Legacy Systems Ensuring that new SoC designs are com-
patible with existing automotive systems 
and infrastructure.

Compatibility issues with older systems 
can increase development and integra-
tion costs.
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Additionally, they decrease time for data processing, 
which is the time it takes to complete processing of 
data received by the vehicle from various sources such 
as Road, Navigation, Speed, etc. and also improve 
heat management; one important aspect in stressful 
automotive environment, as this is enclosed area where 
the vehicle is, and the heat it generates is collected 
very easily. Adapting the artificial intelligence to 
car industry to detect and predict the potential 
hazards in the vehicle. Across several roads, artificial 
intelligent systems have already probed the airbags 
put into action by breaks. Actually, the technology 
is used in spotlights and sunroofs that smooth out 
in poor weather. Modern automotive SoCs consist of 
CPUs, GPUs, DSPs and accelerator dedicated to AI and 
computer vision related applications. Additionally, a 
suite of different interfaces to the sensors, displays 
and other vehicle systems are implemented.

soc Architecture trends
With the growth of drivers of connected and autonomous 
vehicles, the architecture of automotive SoCs is also 
growing. Mature and sophisticated processors such as 
the multi core, heterogeneous and neural processing 
units all under process, can process these algorithms 
more rapidly and efficiently.

Advanced Connectivity Modules in Automotive 
SoCs

Connectivity, and in particular SoCs are key 
enablers to scalable, reliable connectivity of vehicle 
and network.

Communication Protocols
Modern automotive SoC systems today use numerous 
communication protocols including CAN, LIN, FlexRay, 
etc., Automotive Ethernet. These integrated solutions 
are simple to design and raise the overall reliability. 
At the same time, the emerging connected vehicles 

require wireless connectivity modules embedded to 
the SoCs. Thus , it extends to technologies like Wi-Fi, 
Bluetooth, 4G / 5G cellular networks, DSRC (dedicated 
short range communication) for Vehicle to Everything 
(V2X) applications.

SoCs responsible for high speed data processing 
are ideally intended for automotive automotive if they 
need to process the massive amounts of data produced 
by connected vehicles. In other words it implies real 
time analysis of sensor data, seamless infotainment 
streaming with zero latency and fast over the air 
updates.

Edge Computing Capabilities
It’s already bringing more vehicles to operate more 
autonomously, and so, it needs the edge computing 
capability, because the demand is there. Therefore, 
these days, SoCs are being designed with powerful 
processors and AI accelerators for on board processing 
of complex algorithms in device to achieve lower 
latency and enable better decision making in critical 
scenarios. Today’s modern vehicles such as electric 
or hybrid vehicles are in need of efficient power 
management. One must admit that means to reduce 
the energy consumption and to optimize the vehicle’s 
overall performance are dominated by SoCs nowadays. 
Automotive SoCs consist of very advanced power 
management units to minimize power to functionalities 
of such complex vehicle systems. Intelligent distribution 
helps in enhancing the energy efficiency and the life of 
the battery in electric vehicles.

bAttery mAnAgement systems
In electric and hybrid vehicles, advanced battery 
management systems depend on the presence of soCs. 
Battery health, charge and discharge life are those 
things those systems track, and a safe battery under 
any condition is what they do (Figure 2).

Fig. 2: Battery Management System
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Regenerative Braking Control
Regenerative braking systems are precise to control, 
which is a need for electrification of vehicles and pow-
ertrains, where soCs are well suited for this application. 
On these systems the energy is captured while braking 
and stored, which has a significant effect upon the over-
all vehicle efficiency.

Thermal Management Integration (TMI)
Modern automotive SoCs allow access to integrated 
thermal management capabilities. It allows for the 
cooling of electronic components to be done more 
efficiently and, therefore, fluids can be cooled in 
an optimal state and for an extended period of time 
(Table 2).

Sensor Integration and Fusion
Therefore, sensor data integration and fusion is an 
obvious priority of modern automotive electronics in 
relation to in initiating advanced safety features and 
developing an autonomous vehicle.

Multi-Sensor Data Processing
The data from a number of sensors are meant to be 
handled in one shot by the Automotive SoCs. The 
entire environment of the vehicle is captured by the 
camera, radar, lidar, ultrasonic sensor and more that 
reside in the vehicle.

Sensor Fusion Algorithms Real Time
On advanced algorithms executing on automotive 
SoCs, real time fusion of data from multiple sensors 

is possible. It improves the accuracy and reliability 
of the vehicle acquired scene representation which 
is needed for both ADAS and autonomous driving  
systems.

Environmental mapping and perception
SoCs are used to build sophisticated environmental 
perception systems that create lengthy term 3D maps 
of vehicle’s surroundings. This capability is useful for 
navigation, obstacle detection and path planning of 
autonomous vehicles for this purpose.

Measurement and Sensor Calibration, Self 
Diagnostics
chez modern automotive SoCs, les fonctionnalits 
de calibration et diagnostic des sensoirs se dfaut. 
The capability to provide the on-line accuracy and 
availability of sensor system in harsh environmental 
conditions is guaranteed. ADAS (safety and driving 
experience) is one of the most important automotive 
electronics application of SOC technology. Collision 
avoidance systems based on sensor data are used to 
detect potential hazards and initiate proper responses, 
like automatic braking or steering assistance, by SoCs. 
Advanced image processing capabilities of automotive 
SoCs are provided with lane keeping assistance and 
traffic sign recognition to enhance driver awareness as 
well as safety.

AdAptive cruise control
Soc are the hard work behind the poor cliš system: 
keeping us safe distances from the other vehicles on 
our own.

Table 2: Challenges in SoC development

Description Benefit

Utilizing power-saving features like dynamic voltage scaling 
and clock gating to optimize energy use.

Reduces overall energy consumption, increasing efficiency 
and reducing emissions.

Employing multi-core processors to handle parallel tasks 
and achieve high performance without overloading a single 
core.

Ensures timely processing of critical data, enhancing vehicle 
safety and performance.

Incorporating active and passive thermal management solu-
tions to ensure reliability in extreme conditions.

Prevents overheating, maintaining system stability and pro-
longing component life.

Integrating state-of-the-art encryption algorithms and secu-
rity features to protect sensitive data and communications.

Protects against unauthorized access, ensuring vehicle safe-
ty and privacy for users.

Designing SoCs with modular components that can be easily 
scaled and adapted to meet changing automotive require-
ments.

Enhances flexibility, reduces costs, and simplifies system up-
grades and future-proofing.
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Surround View & Parking Assistance
Small, high performance SoCs that power modern 
cars enable advanced parking help such as automated 
parking and 360 degree surround view systems. Since 
these advanced infotainment systems are increasingly 
cumbersome and feature rich, they rely on SoCs to 
power the entertainment and information hub that 
is the vehicle of today. Currently, Automotive SoCs 
are equipped with strong graphics processing units to 
power instrument clusters, infotainment screens, and 
heads up displays.

Voice Recognition, Natural language 
processing
Advanced SoCs incorporate voice recognition and 
natural language processing dedicated processors 
that make hands free interaction with vehicle systems 
more intuitive (Figure 3).

Augmented Reality Integration

Some of recent advanced automotive SoCs were 
the basis for making augmented reality applications 
such as AR navigated displays that display directional 
information on the live camera feed.

Multi-Zone Audio Processing
The SoCs offer the choice of more advanced audio 
processing that goes beyond basic audio and provides 
tailored audio experiences for separate zones of the 
vehicle, and to an overall better sound quality.

Automotive Cybersecurity Protection:
The systems are more and more vehicle dependent 
with software features and with more features 
becoming more connected, security in these systems is 
becoming a very big issue. SoCs are used in practice for 
the implementation of robust security measures. HSMs 
enable solving important hardware security problems 
of modern automotive SoCs through these capabilities. 
On SoCs, secure boot processes and continuous 
runtime integrity checking are assured to only execute 
authorized software in the system and ensure the rest 
of the system remains uncompromised in operation.

Automotive SoCs are included with secure OTA 
capabilities for the safe and efficient over The Air 
(OTA) update of software in an automotive system, 
without compromising the security of the vehicle.

Features of an advanced SoC are real time intrusion 
detection and prevention as well as monitoring of 
network or system behavior for a sign of a cyber 
attack.

Fig. 3: Voice Recognition, Natural language processing
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Automotive stAndArds And regulAtions 
compliAnce
The automotive SoC development is guided by a mixed 
landscape of standards and regulations that determine 
the safety, security and reliability of the automotive 
SoC. The automotive SoCs are architected in order to 
meet the tight functional safety requirements in ISO 
26262, the international standard for functional safety 
of road vehicles. This has features such as redundancy, 
fault detection, and safe failure modes (Figure 4).

Cybersecurity Standard Adherence (ISO/
SAE 21434).
The emerging ISO/SAE 21434 standard for automotive 
cybersecurity is intended to provide form for the 
development of SoCs that are security by design and 
throughout the product lifecycle of the vehicle.

Electromagnetic Compatibility (EMC) Standard 
is used. But they have to obey strict EMC standards 
because automotive SoCs should not interfere with the 
other electronic systems in the vehicle or the external 
devices itself. This is due to the fact that SoCs for 
automotive applications have to run reliably in very 
strict environmental and reliability limits throughout 
the whole life of the vehicle. The automotive SoC 
technology is maturing fast and it will be dictated by 
the following trends:

AI and Machine Learning Integration
And AI and machine learning capabilities on SoCs are 
likely to get more powerful on future automotive SoCs, 

powering more advanced autonomous driving, and 
other predictive maintenance capabilities. As quantum 
computing matures, automotive SoCs will have to 
support quantum resistant cryptographic algorithms 
to maintain long term security. As automotive 
electronics increasingly rely on the increasing power 
and increasing efficiency, the complexity inherent in 
what is possible with these limits in semiconductor 
manufacturing processes are driving today’s most 
advanced SoCs based on increasingly more elaborate 
and more challenging processes.

Software Defined Vehicle Architectures
As these future SoCs are enabled for more flexible, 
software defined vehicle architectures with more 
vehicle customization and ease of vehicle update 
over its lifecycle some then will reduce SoC cost, SoC 
component count, SoC die area, and increase system 
reliability. But there are, in fact, a few challenges in 
automotive SoC technology that we need to overcome 
before UPS will be bright. To balance performance 
and power efficiency (PE) of dynamically decoupled 
applications (DDAs) with multicore MPSoCs. Because 
energy management is important in electric vehicles, 
designers are facing the challenge of addressing 
high performance while keeping power efficiency 
constraints and hence, there is always something 
that designers need to do to achieve an appropriate 
compromise between the two.

For Long Term Reliability Assurance. In automotive 
environment which is very harsh in terms of the possible 

Fig. 4: Automotive Standards and Regulations compliance
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operating temperature fluctuations, vibration and 
electromagnetic interference, SoCs must be reliably 
operated for many years, and must be designed to be so.

conclusion
As design and verification complexity grows, the 
process for managing the design and verification 
process becomes more difficult to manage. This 
complexity demands new tools and methods by which 
to work with it well. There are quite suddenly some 
recent global events putting the semiconductor supply 
chain vulnerabilities on the line. Stable and secure 
automotive SoC supply stream will depend on the 
industry. The automotive electronics and safety system 
SoC solutions finally form an enabler of a revolution 
in vehicle technology. Modern automotive innovation 
centers on SoCs: SoCs make connectivity better; SoCs 
power cutting edge driver assistance systems; SoCs 
bring new levels of hardware cybersecurity and meet 
even the highest standards. These powerful integrated 
circuits carry a look forward to the life and vehicles 
ahead of us at the dawn of a new front of how and 
where we use our vehicles and live our lives on and off 
the road. However, that doesn’t stick to the fact that 
automotive SoC technology has wonderful potential 
to help bring about safer, more efficient, and more 
enjoyable driving experiences for everyone.
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