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Abstract: With the rapid development of autonomous driving technology, the safety of electronic control

systems, as a core component of autonomous vehicles, is receiving increasing attention. This paper aims to

delve into the safety of electronic control systems in autonomous vehicles, analyze potential safety risks, and

propose corresponding safety strategies and protective measures, with the aim of providing theoretical support

and practical guidance for the safe operation of autonomous vehicles.

Keywords: autonomous vehicles; electronic control systems; safety; risk analysis; safety strategies

Introduction

utonomous vehicles are an essential

component of intelligent transportation

systems, achieving vehicle autonomy through
advanced sensors, control algorithms, and decision-
making systems. The electronic control system, acting
as the brain of autonomous vehicles, is responsible
for processing various sensor data, making decisions,
and controlling the vehicle to execute corresponding
actions. However, as the commercialization of
autonomous vehicles accelerates, the safety issues
of electronic control systems become increasingly
prominent, posing a significant challenge to ensuring
their safe operation in the industry."’

1. Basic Architecture of the Electronic
Control System for Autonomous Vehicles

The electronic control system of autonomous vehicles,
as the core enabling vehicle autonomy, consists of three

key levels: the perception layer, the decision layer, and
the execution layer. These layers collaborate to ensure
that the vehicle can react accurately and timely in
various complex environments.

Firstly, the perception layer serves as the "eyes" and
"ears" of autonomous vehicles. It utilizes various high-
precision sensors such as LiDAR, millimeter-wave
radar, high-definition cameras, and ultrasonic sensors
to perceive real-time environmental information,
including road conditions, traffic signals, obstacle
distances, and speeds. These sensors act as the
vehicle's nervous system, converting the perceived
information into electrical signals to provide accurate
and comprehensive data support for the subsequent
decision-making layer.

Next, the decision layer acts as the "brain" of
autonomous vehicles. It utilizes the data provided by
the perception layer, combined with pre-set algorithms
and models, to make complex decision judgments.
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The decision layer not only considers the current road
and traffic conditions but also predicts future possible
changes to plan the safest and most efficient driving
path. Moreover, the decision layer needs to handle
various emergency situations to ensure that the vehicle
can maintain a stable driving state at all times.”

Lastly, the execution layer serves as the "hands"
and "feet" of autonomous vehicles. It follows the
instructions from the decision layer to control the
vehicle's acceleration, deceleration, steering, and other
actions to achieve autonomous driving. The execution
layer needs to ensure that every action is precise and
accurate because any minor deviation may significantly
affect the vehicle's driving safety.

These three levels are seamlessly connected through
a high-speed communication network to ensure
the real-time and accurate transmission of data and
instructions. The entire electronic control system
functions as a highly collaborative team, collectively
providing solid technical support for the safe,
comfortable, and efficient operation of autonomous
vehicles. As autonomous driving technology continues
to evolve, the architecture of the electronic control
system will also be continuously optimized and
upgraded to adapt to increasingly complex and variable
driving environments.

2. Safety Risk Analysis of the Electronic
Control System for Autonomous Vehicles

The safety issues of the electronic control system in
autonomous vehicles, as the core enabling intelligent
and autonomous driving, cannot be overlooked. After
in-depth analysis, it is found that its safety risks mainly
stem from hardware failures, software vulnerabilities,
and network attacks, among other aspects.

Firstly, hardware failures are the fundamental risks
faced by the electronic control system. Hardware
components such as sensors and control units may
experience wear and aging during prolonged operation,
leading to performance degradation or complete failure.
For example, radar sensors may fail to accurately
perceive the surrounding environment due to weather
conditions or physical damage, while control units may
malfunction due to unstable voltage or internal short
circuits. These hardware failures directly affect the
vehicle's perception and decision-making capabilities,
and in severe cases, may result in loss of vehicle

control or traffic accidents.

Secondly, software vulnerabilities pose another
significant security risk. The electronic control system
of autonomous vehicles relies on complex software
algorithms and models for decision-making and control.
However, any software is inherently prone to potential
vulnerabilities and defects, which hackers could exploit
to remotely control the vehicle or manipulate data. For
instance, hackers might exploit vulnerabilities in the
vehicle's communication protocols to send malicious
commands, causing the vehicle to perform unexpected
actions, or manipulate the vehicle's perception data,
leading to erroneous decisions by the decision-making
layer.

Lastly, network attacks are also a significant
threat to the electronic control system. With the
rapid development of vehicle-to-everything (V2X)
communication technology, vehicles are increasingly
interconnected with the external world, providing
opportunities for network attacks. Attackers may
disrupt the vehicle's communication systems, intercept
data transmission between the vehicle and the external
world, causing the vehicle to lose connectivity.
Alternatively, by injecting false information, they could
interfere with the vehicle's decision-making and control
processes, leading to erroneous operations or even
collision accidents.

The safety risks of the electronic control system
in autonomous vehicles are diverse and complex,
requiring high attention and effective measures for

prevention and mitigation."’

3. Safety Strategies and Protective Measures
for the Electronic Control System of
Autonomous Vehicles

3.1 Hardware Redundancy Design

To ensure the safe operation of autonomous vehicles,
a series of safety strategies and protective measures
need to be implemented for the electronic control
system. The foremost strategy is to employ hardware
redundancy design, which not only enhances system
robustness but also significantly improves fault
tolerance and reliability. Hardware redundancy design
involves adding additional sensors and control units in
critical areas to ensure that backup components can take
over immediately in case of primary component failure,

thereby maintaining the system's normal operation.
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For example, in the perception layer, multiple radar
and camera sensors can be equipped to provide
necessary environmental perception information even
if one sensor fails. Similarly, redundant control units
can be set up in the decision-making and execution
layers to ensure the continuity and accuracy of control
commands. Through hardware redundancy design, not
only can the impact of hardware failures on system
safety be reduced, but also the system's resistance to
external interference and harsh environments can be
enhanced. Additionally, this design provides greater
flexibility for system upgrades and maintenance. When
primary components need updating or repair, backup
components can temporarily take over to minimize the
impact on the vehicle's normal operation.

However, hardware redundancy design is not a one-
size-fits-all solution. It increases system complexity and
costs, requiring more sophisticated management and
maintenance. Therefore, when implementing hardware
redundancy design, factors such as system performance
requirements, cost budget, and maintenance capability
need to be comprehensively considered to find the
optimal balance. Hardware redundancy design is
an essential component of safety strategies for the
electronic control system of autonomous vehicles.
Through proper redundancy configuration and
management, system safety and reliability can be
significantly improved, laying a solid foundation for
the commercial application of autonomous vehicles.

3.2 Software Security Development Process

In the electronic control system of autonomous
vehicles, software plays a crucial role, and its security
and stability are directly related to the normal operation
of vehicles and the safety of passengers. Therefore,
establishing a rigorous software security development
process is essential. This process should start with the
requirement analysis phase, fully considering security
factors and clearly defining the security standards
and functional requirements that the software should
meet. During the design and coding phases, developers
should adhere to secure coding standards and utilize
mature, validated technologies and algorithms to
ensure the quality and security of the code. Code
review is a critical aspect of the software security
development process. By organizing peer reviews or
using automated tools for static code analysis, potential
defects and security vulnerabilities in the code can be

detected promptly and addressed at an early stage. This
review not only helps improve code quality but also
reduces the cost of maintenance and security updates in
the later stages. Vulnerability scanning is an effective
means of conducting comprehensive security checks on
software. By using professional vulnerability scanning
tools, software can be scanned regularly or irregularly
to identify known security vulnerabilities and potential
attack surfaces. These scanning results should serve
as security feedback to guide developers in fixing
vulnerabilities and strengthening security. Security
testing is the final line of defense in ensuring software
security. By simulating various attack scenarios and
abnormal inputs, software can undergo penetration
testing and fuzz testing to verify its defense capabilities
against real threats. These test results should serve as
necessary evidence before software release, ensuring
that only thoroughly security-tested software is
deployed in autonomous vehicles. Establishing a strict
software security development process is crucial for
ensuring the security of the electronic control system
of autonomous vehicles. Through the collaborative
efforts of multiple stages such as requirement analysis,
secure coding, code review, vulnerability scanning,
and security testing, we can ensure that software
meets the highest security standards in the design and
implementation process, providing solid technical
support for the commercial application of autonomous
vehicles.™

3.3 Network Security Protection

In the ecosystem of autonomous vehicles, network
security protection is critical to ensuring secure
communication with the outside world, preventing
malicious intervention, and averting data leakage.
With the increasing frequency of interaction between
vehicles and the external environment, network security
threats have become more severe, making it imperative
to strengthen the network security protection of vehicle
communication systems.

Firstly, encrypted communication stands as one of
the core technologies for network security protection.
By employing advanced encryption algorithms to
encrypt communication data between vehicles and the
external environment, the confidentiality and integrity
of data can be ensured. Thus, even if attackers intercept
communication data, they cannot easily decrypt its
content, effectively preventing the leakage of sensitive
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information and the injection of malicious commands.

Secondly, identity authentication is another
essential network security measure. Before vehicles
communicate with the outside world, stringent identity
authentication should be conducted to ensure the
authenticity and reliability of both communication
parties. This can be achieved through techniques such
as digital certificates and public key infrastructure
(PKI). Only authenticated devices or systems can
establish communication connections with vehicles,
thereby effectively preventing impersonation attacks
and man-in-the-middle attacks.

Furthermore, to address continuously evolving
network security threats, real-time network security
monitoring and emergency response mechanisms need
to be established. By continuously monitoring and
analyzing the network traffic of vehicle communication
systems in real-time, abnormal behavior and potential
attacks can be promptly detected, and corresponding
emergency measures can be taken for resolution.
Additionally, regular updates and optimization of
network security policies are necessary to adapt to new
security challenges.

Strengthening the network security protection of
vehicle communication systems is an integral part of
the security strategy for autonomous vehicle electronic
control systems. By employing techniques such as
encrypted communication and identity authentication,
combined with real-time network security monitoring
and emergency response mechanisms, we can
effectively ensure the security and reliability of
communication between vehicles and the outside
world, providing solid network security protection for
the commercial application of autonomous vehicles.

3.4 Real-time Monitoring and Emergency Response
Mechanism

In the operation of autonomous vehicles, real-time
monitoring and emergency response mechanism serve
as the final line of defense to ensure driving safety.
This mechanism involves real-time and uninterrupted
monitoring of vehicle operating status and the
electronic control system, ensuring rapid response to
any anomalies or potential risks, thereby minimizing
risks. Real-time monitoring not only covers basic
driving data such as vehicle position, speed, and
direction but also includes comprehensive monitoring
of the working status of various levels of the electronic

control system, sensor data, communication connection
status, and more. Upon detecting data anomalies or
deviations from the preset range, the alarm system
is immediately triggered, notifying the vehicle
management center or remote monitoring platform.
The emergency response mechanism consists of a
series of emergency procedures activated immediately
after the monitoring system detects problems. These
procedures automatically or manually execute
corresponding emergency measures based on the nature
and severity of the anomalies, such as deceleration and
stopping, switching to safety mode, or disconnecting
power to risky components. Additionally, the
emergency response mechanism includes emergency
communication with vehicle occupants, emergency
rescue services, traffic management departments, etc.,
ensuring timely external support during emergencies.
To ensure the effectiveness of real-time monitoring
and emergency response mechanisms, regular
system testing and drills are necessary. This includes
testing the sensitivity and accuracy of the monitoring
system, evaluating the speed and effectiveness of
emergency response procedures, and providing
training and assessment of emergency handling
capabilities for relevant personnel. Establishing real-
time monitoring and emergency response mechanisms
is an indispensable part of the security strategy for
autonomous vehicle electronic control systems. It
not only enables the timely detection and handling of
anomalies to ensure vehicle safety but also enhances
the reliability and robustness of the entire system
through continuous testing and drills, providing solid
security assurance for the widespread application of
autonomous vehicles.”

Conclusion

With the rapid development of autonomous driving
technology, the safety of automotive electronic control
systems has increasingly become the focus of public
attention. Through in-depth analysis of security risks
such as hardware failures, software vulnerabilities,
and network attacks, we realize the critical importance
of establishing multi-layered security strategies and
protective measures. Hardware redundancy design,
rigorous software security development processes,
robust network security protection, and real-time
monitoring with emergency response mechanisms
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collectively form a solid fortress of safety for
autonomous vehicles. However, safety is an ongoing
journey, and in the future, we still need to continue
exploring and innovating, continuously improving
security strategies, and enhancing the reliability and
robustness of systems. Let us work together to pave a
safe path for the widespread application of autonomous
vehicles, and jointly embrace a bright future of
intelligent transportation.
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