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The evolution of safety on the road has undergone a significant transformation, shifting from reactive measures aimed at
mitigating crash impacts to proactive systems focused on accident prevention. The integration of Artificial Intelligence (Al) and
Machine Learning (ML) into automotive safety frameworks powers this shift. By seamlessly blending passive safety features
with active safety systems, Al and ML are revolutionizing how vehicles protect both occupants and vulnerable road users.

By leveraging sophisticated algorithms and vast amounts of data, Al and ML are enabling real-time decision-making, predictive
analytics, and improved driver assistance systems. This evolution promises to reduce accidents, enhance vehicle reliability, and
ultimately create a safer driving experience for everyone on the road.

AI for Enhancing Passive
Safety Systems

Historically, designers have
designed passive safety
systems like airbags, crumple
zones, and reinforced
structures to minimize injuries
during accidents. Today, Al is
enhancing the design and
testing of these systems,
making them more effective
than ever.

Through advanced simulations,
engineers leverage Al-driven
tools to predict crash dynamics
with unprecedented precision.

1..0.00.0..0,,.0 ﬂﬂﬁlﬂul;i1
: ) el

101,011 01,1 001 DONE

!

Fig. 1 Designing for Passive Automotive Safety
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These virtual crash tests allow for optimized material selection, structural design
refinements, and better impact absorption strategies. Al-powered simulations can
evaluate thousands of crash scenarios in a fraction of the time it would take using
physical prototypes, reducing costs and accelerating the development process.

M L-Powered Active Safety Systems

While passive safety remains essential, the automotive industry is increasingly
focusing on active safety systems designed to prevent crashes before they happen.
ML algorithms play a crucial role in processing real-time data from vehicle sensors,
including cameras, LiDAR, and radar. This data enables systems such as Autonomous
Emergency Braking (AEB), Lane Keeping Assist (LKA), and Adaptive Cruise Control
(ACC) to make real-time decisions and avoid potential collisions.

Sensor fusion, enabled by ML, combines data from multiple sources to create a
comprehensive understanding of the vehicle’s environment. This fusion of sensor
data enhances the accuracy of detecting obstacles, predicting road conditions, and
responding to rapidly changing environments.

AI for Meeting Safety Standards

As Al becomes integral to Advanced Driver Assistance Systems (ADAS) and
Autonomous Driving Systems (ADS), ensuring the safety and reliability of these
technologies is critical. ISO 8800 establishes standards for managing Al safety in
automotive applications, addressing key aspects such as error identification,
performance metrics, and lifecycle management. This framework ensures that Al
systems meet rigorous safety requirements, which is vital for integration into safety-
critical applications.

SCANeR from AVSIMULATION

Additionally, NCAP (New Car Assessment Program) safety standards are evolving to
incorporate virtual validation in place of, or in combination with, physical crash
testing. Given that certain real-world crash scenarios may be too dangerous,
expensive, or impractical to simulate physically, virtual validation through Al and ML
has become essential. Virtual crash simulations, powered by Al-driven tools, allow
for more efficient and comprehensive testing of vehicle safety features while
maintaining high safety standards. These advancements enable manufacturers to
meet or exceed NCAP requirements while enhancing safety performance.

The Unified Approach to Safety

The future of automotive safety lies in integrating passive and active safety systems
into a unified approach. Virtual engineering tools, powered by Al and ML, play a
critical role in this integration. Engineers can now analyze how passive safety
features complement active systems, ensuring vehicles not only withstand impacts
but also prevent them.

Fig. 2 Changing Future of Road Safety: Integrating Al and ML
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For instance, ML models can predict
how structural reinforcements interact
with real-time ADAS features during
near-collision scenarios, ensuring that
both crash avoidance and mitigation
systems work in harmony. This synergy
creates a comprehensive safety strategy
that addresses both pre-crash and post-
crash dynamics.

Future Prospects

The convergence of Al and ML with

automotive safety opens up exciting

new possibilities:

° Al-Driven Edge Case Simulations:
Virtual environments can create
situations that are rare but
important.  Especially, these
situations help test how well
safety systems work in tough
conditions. This ensures that the
safety systems are strong and
reliable.

o Predictive Maintenance:
Machine learning algorithms can
predict when a system might fail.
They do this before the failure
happens. Actually, this allows for
proactive maintenance, which
means resolving problems before
they cause damage. By doing this,
they help keep safety systems
reliable and working well.

° Path to Full Autonomy: Al and

ML are critical for Level 5
autonomous vehicles.
Interestingly, these vehicles

operate completely on their own.
While, they do not need human
help, advanced safety
technologies are key for them.
Specifically, these technologies
help the vehicles handle complex
road conditions.

COncIusion

The automotive industry is mixing
passive and active safety systems more
and more. Moreover, they are using Al
(Artificial Intelligence) and ML (Machine
Learning) to do this. Al is when
machines can perform tasks that usually
need human intelligence. ML is a type of
Al where machines learn and make
decisions on their own. Particularly,
these technologies make it easier to
reduce the damage from crashes.
Amazingly, they also create new ways to
prevent accidents before they happen.

Truly, the move from reactive to
proactive safety is a big change in car
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design. Reactive safety means acting after something happens. Proactive safety is about acting before something happens. Now,
cars are built to predict problems, respond to them, and keep people safe. Al developers, car engineers, and regulators need to
work together closely. This teamwork is essential to use these new technologies fully. It will make roads safer and move us closer
to a time when cars can drive themselves completely.

To stay updated with the latest developments in STEM research, visit ENTECH Online. This is our digital magazine for science,
technology, engineering, and mathematics. Furthermore, at ENTECH Online, you'll find a wealth of information.

In addition, we offer insights and resources to fuel your curiosity. Ultimately, our goal is to inspire your passion for new scientific
discoveries. Moreover, ENTECH Online provides everything a teen wants to know for career planning
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