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1. Introduction to AI-Based Systems in Automotive Industry

The modern automotive industry is witnessing significant transformation in its traditional
operations due to the integration of intelligence. The current generation of vehicles comes
with on-board intelligence systems, which enable them to perform a variety of functionalities.
Many of these functionalities already exist in some form in consumer vehicles. A number of
technologies are combined to deliver these functionalities, such as machine learning, data
mining, ontologies, optimization, fuzzy logic, among others. The global automotive Al market
is expected to reach USD 10.73 billion by 2027. Since 1995, when General Motors first
introduced OnStar as an in-car communication system, the automotive industry has been
continuously rolling out new features focused on in-car user experience. Nowadays, the
increasing interest in autonomous vehicles has augmented the rush for artificial intelligence

within the automotive environment.

The applications of Al in vehicles are multifaceted. The traditional view has been that smart
cars and Al would improve the overall passenger experience. Intelligent vehicles reduce
human errors, enhance safety, reduce the level of human intervention, increase energy
efficiency by managing and optimizing driving behaviors, and can help with vehicle
personalization in such a way that the vehicle, understanding its occupant preferences
through machine learning, can adjust heating/cooling, music, and provided routes, among
others. Al-based vehicles provide level four autonomy, presenting the capacity to drive
themselves with full autonomy under predetermined conditions. On the one hand, given
these features, autonomous vehicles present a unique and unknown cocoon of in-car space in
addition to a revolution in overall urban mobility. Moreover, in order to judge whether
autonomous vehicles will take off and be made affordable in the future, it is essential for

further research to evaluate user acceptance towards the vehicle in-car experience.

2. Personalizing Entertainment Features with Machine Learning
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Machine learning algorithms with relevant domain knowledge can process user inputs to
enhance entertainment facilities. An efficient way to collect data in a vehicle is to enable the
user to express their mood and preferences through voice or a touch-sensitive interface. A
common approach is to let the user favorite their favorite music tracks or let them give a
current preference that should be played as well as express changes in current preferences.
Various algorithms can be used to analyze the data, enabling personalization of features.
These can include recommendation systems. Recommendation systems can be used to let the
user browse through and discover music and movies in accordance with their mood and
corresponding features. This provides a contextual understanding, which can help the

automotive recommender in suggesting music that is better fitting in context.

The current trend is heading towards an automatic, no-screen recommendation system, which
means that the steering wheel or the brake pad being pushed or releasing the brake pad
automatically stops the podcast, just to name some of the use cases. A fully recommended,
no-screen system can be considered an autopilot for the entertainment system. While users
may still have a great time, this is the complete opposite of what we intend to achieve, as the
user did not enter the vehicle and is immediately provided with personalized music or
podcasts. The intention here is to provide users with enough autonomy over entertainment
possibilities, but to offer personalized recommendations and updates. Shifting toward the
fully recommended system, on the other hand, offers opportunities in the user experience, as
users do not have to interact with the recommendation system and can instead focus on the
improved user interface over other forms of interaction. Incorporating real-time algorithms
that process preferences and incorporate them into the user experience would make the user
notice the update of the entertainment services, hence making their experience more

enjoyable. The cloud server is ideal for such a business model.

There is a growing privacy and security concern for using machine learning and deep learning
for personalization. This is why most recommendations today are based on user-popular
items. With temporal feature exclusion, personalization can be limited to the location and time
of the day. Recommending music or features that become more popular at a certain period
has created demand, and the user preference might be enhanced using this trend. As the
trends have changed and are not limited to the time of the day, machine learning algorithms

can now use this feature to recommend content that is popular within the location of the
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vehicle. In the future, it can be expected that in-car entertainment processing will focus on
tailored individual user profiles that store the user's preference plan and commonly used
travel patterns. The evolution of audio and video player interfaces is another area under

exploration.
3. Optimizing Climate Control Using AI Algorithms

Various Al techniques can be used in vehicles to optimize climate control processes and to
keep the car user comfortable. Machine learning algorithms have been suggested as a means
of predicting driver and passenger behavior to create better in-car experiences. The ensemble
tree regressor is well suited to building models of human comfort and has relevant
applications in adaptive climate control systems. An FCM clustering algorithm-based method
has been defined to realize an accurate prediction of human thermal comfort and applied it to
energy-efficient and predictive climate control systems. An intelligent predictive climate
control strategy has been proposed to anticipate an occupant's comfort preference and further

some control functions of in-cabin devices like HVAC, doors, and window regimes.

Due to climate control systems in vehicles being directly related to the user, it is possible to
modify user comfort with various strategies, such as predictive climate control. Predictive
climate control combines sensor data from the vehicle and user habits together with
information from the surrounding environment to predict the most appropriate settings for
the in-car climate. This technique has been shown to support the development of smart
climate control systems, allow for the creation of temperature prediction models, and support
the development of machine learning algorithms. It has been shown that a climate control
system, which makes use of user information and a range of other parameters collected from
the outside, can save up to 20% of energy consumption, making the system more energy
efficient and smarter overall. This approach could be extended to integrate driver heart rate
data, as well as GPS and environmental data for enhanced comfort and well-being of the

driver.

The integration of climate control strategy with the vehicle powertrain torque converter lock-
up has been suggested to enhance fuel economy. This model was experimented with a vehicle
and was able to predict vehicle powertrain energy consumption with less than 10% error and

improve comfort on entry of the vehicle by 18%. For implementing human adaptable thermal
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comfort sensing to provide the service of appropriate air ventilation, a machine learning
approach has recently been proposed. One of the most critical factors in the practical
implementation of these experiences is the speed of parameter sensing and actuation. Slow
system response cannot be the justification to implement robust human comfort constraints
when driverless vehicles are becoming a reality. The constraint now is to minimize quantity
in terms of size, weight, cost, and data generated by vehicles. Although reducing response
time is an active area of research for climate system research, important flaws in this area have
been identified. These include the limited accuracy of currently designed sensing
technologies, for example, climate comfort prediction with a 12-minute time lag in a typical
car. Heterogeneous and coupled sensing of multiple parameters to realize human comfort is
another technological breakthrough. When the majority of the vehicle cabins are fitted with
more than 30 individual sensors, it is important that the data integration step could rely on
the fast movement of air while the experimenter picks up the sensors. Much hard work is

required to overcome these challenges for climate technologies.
4. Enhancing Navigation Systems through Machine Learning

Introduction Every mobile person experiences an intensive user experience while traveling by
car. The car is filled with information and navigation systems, communication devices, and
sensors to optimize comfort and efficiency. Voice-controlled infotainment and navigation
systems that can react contextually and individually are referred to as artificial intelligence-
based in-vehicle systems enhancing the in-car user experience. They cover all kinds of
channels through which drivers interact with computer systems in the car. These can be hard
buttons, touch pads, speech recognition, touch-sensitive screens, or gestures. All systems can
be used on the move. Generally speaking, any vehicle user interface requires certain skills to
operate. Al-based systems try to compensate for the restrictions of current vehicle user
interfaces and adapt to the user. Recent studies suggest that infotainment and navigation
systems that react to spoken commands increase attention integrity and reaction time during
vehicle guidance. The naturalness of speech interaction is a major issue determining the level
of aversion to interaction. A bright voice will not satisfy the requirement for natural speech
interaction, so new methods for machine spoken dialogue introduction are needed. Until 2030,
car designers plan to guide traffic not only from outside of cities but within city limits, too.

Fully automated vehicle guidance systems in complex urban environments face some open
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issues like the willingness of users to hand over temporary vehicle control or proper vehicle-
to-pedestrian communication, and, of course, seamless interaction between several

autonomous cars or between autonomous and driver-controlled vehicles.
5. Challenges and Future Directions in Al-Based In-Car User Experience

Increasing the technological leaps for advancing Al-based xHE to enable a wide range of user-
oriented services will face challenges. There are technological limitations that hinder the
operationalization of fully integrated knowledge-based systems. This includes difficulties in
realizing Al and adding common sense to existing systems. Moreover, representative user
group acceptance and the willingness of insurance companies to offer lower premiums for
vehicles with Al-based driving assistance features are yet to be demonstrated. Determining
when to involve additional sources for more informed decision-making capabilities and how
privacy and commercial data collection requirements can be reconciled appropriately are also

currently unaddressed with respect to Al-based in-car user experience.

The potential biases in the algorithms based on Al have the potential to compromise the user
experience. Algorithmic biases refer to systematic and repeatable errors that are common in
many Al-based systems, leading to social, ethical, and legal implications. These biases should
not discriminate against any specific group and should respect national and regional laws and
international guidelines. A major role in shaping the deployment of Al technologies for the
automotive domain has been attributed to regulatory frameworks. Currently, there are no
common data protection regulations for driver support systems, making the environment
complex in which to launch new innovative technologies. Privacy-enhanced advancements in
artificial intelligence, as well as explicit, informed, and broad consents, can pave the way to
the democratization of Al, in which not just those trained in computational skills or equipped

with large datasets can contribute to the development of algorithms that benefit society.

Infrastructure sharing, along with the active collaboration between the Department of
Transportation, vehicle companies, and software manufacturers, can mitigate a good number
of issues in Al-based in-car user experience. The system should be able to freely interpret,
adapt, and support the values and responses of humans to the data it processes. It must not
be that in 10 years we will have a whole range of cars equipped with Al that will become a

fashion and a requirement, similarly to how cell phones have become a necessity nowadays.
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User cognition clearly articulates the need for a unified development strategy that brings
together car manufacturers, tech companies, and consumer bodies to inform policy detailing
human values and designing ways to confirm the observance of these values in Al by
addressing ethical principles. Key to the acceptance and usefulness of Al in the automotive
scenario is a user-centered approach because without it, cars will not be designed to embrace
and serve the needs of individuals and society. Further, collaborations so far have been limited
to the national level; it has been suggested that the collective actions of multiple state actors

can drive technological innovation.
6. Future Direction

AIG to OEM Standard Level for Safer Driving

It is apparent that the strengths proprietary to each company are not well-reflected regarding
the perspective of addressing regulatory bodies and collaborating in new forms of business
markets. In order to accelerate the development of a more advanced level of Al, the strengths

of each company and the rationale behind them can be clustered and expressed precisely.
* Future Trend I. Closer Integration of Al with IoT Devices

Al-based systems set the groundwork for integrating all programmable and reconfigurable
systems. The vehicles of the future will have expanded functions as IoT devices, which will
be more closely engaged with their surroundings, including a city information network and
a social network. This will result in more driving support systems and enhancements in

vehicle dynamics control systems.
- For Advanced Personalization

The system's internal intelligence could also enable personalization beyond just setting the
seating and personal devices for the user. For example, an Al could adapt the user interface
for someone who is hard of hearing, predicting this from the user's smart devices and actions,

such as cranking the volume up louder while texting.

- Proactive Vehicle Health
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Al in the vehicle will be able to monitor for early signs when systems can improve. For
example, a camera could watch a shock tower for flexing, a wheel speed sensor can monitor
for a loss in pressure, and it can detect early signs of a cooling system leaking steam. The
engine bearings could slow down for lubrication, as indicated by powertrain torque signals.
For many of these, we need advanced sensing and, in many cases, a microcontroller right on

the sensor to preprocess the data before it is shared on a general bus.
7. Conclusion

Advanced driver systems demonstrated an increase in safety, while providing a better user
experience. Upcoming generations with Al will have an even stronger impact on various
aspects like entertainment, climate control, navigation or multimodal interface design.
However, there are still several challenges linked to Al for user experience applications such
as building trust, engaging and adopting customers, ensuring privacy, dealing with liability
and maintenance of complex system. To create a real value for the user, the Al needs to adapt
to the user using personalization, be in line with the user needs and driving context, be
transparent on its underlying principles and ensure minimal cognitive load for maintaining
control over the vehicle. Privacy and ethical consideration may be an obstacle to
generalization in the future of the Al-based system. Ethical issues are expected to decrease in
terms of intensity of occurrence, particularly the problem concerning loss of jobs, but it is
assessed as having a low probability, thus making the Al system appealing for the user. This
user-centered view of personalization, in-car experience management augmented with
additional Al foresight, simulation and recommendation, will not only have an impact on the
driver and possibly the other in-car vehicle occupants but also affect the future development
of driving experience and strategy of car makers. Future Al development may not only be
dedicated to safety improvements and performing various tasks, as today, but have a strong
focus on the quality of living and consequently social and cultural interactions. This process
has already begun and the advances future developments will have an impact on the
environment we are living in. A strong cooperation amongst car makers, Al specialists, formal
and normative bodies, social scientists as well as finance institutions is to be established to
anticipate consequences and challenges raised by this trend. Ongoing multidisciplinary work
is needed to translate those visions into technical-functional innovations that will in fact lower

the number of accidents and increase the satisfaction of drivers, aiming at positive user
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experience. Publicly funded research should be considered on those topics in addition to

research necessity. It would answer to societal and economical readiness for the future.
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