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Abstract: In recent years, the automotive industry has witnessed a significant paradigm shift with the
integration of Machine Learning (ML) techniques into various aspects of vehicle design and operation.
This paper explores the burgeoning field of ML applications in automotive engineering, particularly
focusing on its role in augmenting vehicle safety and performance. ML algorithms, powered by
advancements in data analytics and computational capabilities, offer unprecedented opportunities to
enhance traditional automotive systems. From predictive maintenance to autonomous driving, ML
techniques enable wvehicles to perceive, interpret, and respond to complex real-world scenarios with
remarkable precision and efficiency. This paper provides an overview of key ML applications in
automotive safety, including collision avoidance systems, adaptive cruise control, and driver monitoring.
Furthermore, it examines how ML algorithms contribute to optimizing vehicle performance through
predictive modeling, fuel efficiency optimization, and dynamic vehicle control. Moreover, the challenges
and future prospects of integrating ML into automotive engineering are discussed. These include issues
related to data quality, model interpretability, and regulatory standards. Despite these challenges, the
rapid advancements in ML technology hold immense promise for revolutionizing the automotive
industry, paving the way for safer, more efficient, and intelligent vehicles of the future.
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1. Introduction

In the contemporary landscape of automotive engineering, where technological
advancements are reshaping the traditional paradigms, ML emerges as a beacon of innovation,
offering unparalleled opportunities to enhance vehicle safety and performance. As society
progresses towards a future of smart mobility and autonomous driving, the integration of ML
algorithms into automotive systems has become not just a trend but a necessity (Sahoo et al.,
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2023a). With its ability to analyze complex datasets, extract meaningful insights, and make data-
driven decisions, ML holds the key to unlocking the full potential of modern vehicles. The
automotive industry is undergoing a profound transformation driven by a confluence of
factors, including the rise of electric vehicles, the proliferation of connected car technologies,
and the growing demand for autonomous driving solutions. In this dynamic environment, ML
serves as a catalyst for innovation, enabling automotive engineers to tackle challenges ranging
from optimizing energy efficiency to ensuring the safety of passengers and pedestrians alike.

At the forefront of this transformation is the development of advanced driver assistance
systems (ADAS) and autonomous vehicles, which rely heavily on ML algorithms to perceive
and interpret the surrounding environment. Through the fusion of data from cameras, LiDAR,
radar, and other sensors, ML models can accurately identify objects, predict their movements,
and make informed decisions in real-time (Norouzi et al, 2023). Whether it's detecting
pedestrians crossing the street, anticipating the behavior of other vehicles on the road, or
navigating complex traffic scenarios, ML enables vehicles to operate with a level of intelligence
and autonomy previously thought impossible.

Moreover, ML is revolutionizing the way vehicles are maintained and serviced, ushering in
an era of predictive maintenance and condition-based monitoring. By analyzing telemetry data,
engine diagnostics, and historical maintenance records, ML algorithms can identify patterns
indicative of potential failures or malfunctions before they occur. This proactive approach not
only minimizes downtime and repair costs but also enhances the reliability and longevity of
vehicle components, ensuring a safer and more dependable driving experience for consumers.

In addition to safety enhancements, ML is driving innovation in vehicle performance
optimization, from powertrain calibration to aerodynamic design (Pandharipande et al., 2023).
By leveraging vast amounts of data collected from vehicle sensors, onboard computers, and
external sources such as weather and traffic conditions, ML algorithms can optimize various
aspects of vehicle operation, including engine performance, transmission shifting, and
suspension tuning. This data-driven approach enables engineers to fine-tune vehicle dynamics
to suit different driving scenarios, improving both fuel efficiency and driving dynamics.

In this paper, we will delve into the myriad applications of ML in automotive engineering,
exploring how these technologies are reshaping the future of mobility and redefining the
relationship between humans and vehicles (Theissler et al., 2021). Through a comprehensive
analysis of recent advancements, case studies, and emerging trends, we aim to provide valuable
insights into the transformative impact of ML on vehicle safety, performance, and overall
driving experience. From intelligent transportation systems to personalized user interfaces, the
possibilities enabled by ML are limitless, offering new opportunities to innovate and create
safer, more efficient, and more enjoyable vehicles for generations to come.

2. Research Methodology

The anticipated growth of the global autonomous car market, expected to reach nearly $62
billion by 2026, underscores the automotive sector's promising terrain for the integration of ML
technologies (Ali et al., 2021). While often associated with groundbreaking innovations such as
autonomous driving features, automated parking systems, and energy-efficient algorithms, the
scope of ML extends far beyond these conventional applications within the automotive realm.
Indeed, its versatility enables diverse applications ranging from predictive maintenance and
fault detection to personalized user experiences and supply chain optimization. Furthermore,
ML algorithms play a crucial role in enhancing vehicle safety by enabling real-time hazard
detection, adaptive cruise control, and collision avoidance systems. Additionally, they
contribute to sustainability efforts by facilitating the optimization of engine performance, route
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planning for electric vehicles, and emissions monitoring (Bachute and Subhedar, 2021). As we
delve deeper into the intricacies of ML in automotive innovation, it becomes apparent that its
integration is not merely advantageous but essential for driving forward advanced product
development processes. However, this transformative technology also poses certain challenges,
including data privacy concerns, algorithmic biases, and the need for robust regulatory
frameworks to ensure safe and ethical deployment. Therefore, it is imperative to explore further
the multifaceted landscape of ML in automotive engineering, unraveling its diverse benefits,
addressing its inherent challenges, and uncovering new avenues for innovation and growth.

3. Methods and Techniques

ML applications in automotive engineering for enhancing vehicle safety and performance
encompass a broad range of methods and techniques (Kuutti et al., 2020). Here's an overview.

e Sensor data fusion: Integrating data from various sensors such as cameras, LiDAR,
radar, and ultrasonic sensors using techniques like Kalman filtering, particle filtering,
or Bayesian networks to enhance perception and understanding of the vehicle's
surroundings.

e Computer vision: Using convolutional neural networks (CNNs) and deep learning for
tasks such as object detection, lane detection, pedestrian detection, and traffic sign
recognition (Osman et al., 2019). This enables advanced driver assistance systems
(ADAS) and autonomous driving functionalities.

e Natural Language Processing (NLP): Implementing NLP techniques for understanding
and processing natural language commands or communication within the vehicle,
facilitating human-vehicle interaction and improving user experience.

e Predictive maintenance: Employing ML algorithms to analyze sensor data from vehicle
components such as engines, brakes, and tires to predict potential failures or
maintenance needs before they occur, thus reducing downtime and improving
reliability.

e Vehicle diagnostics: Utilizing ML for fault detection and diagnosis by analyzing data
from onboard diagnostic systems (OBD) and vehicle sensors to identify anomalies,
malfunctions, or degradation in vehicle components (Yang et al., 2018).

e Behavioral analysis: Employing ML algorithms to analyze driver behavior data from
various sources such as in-vehicle cameras, accelerometers, and GPS to detect patterns
indicative of drowsiness, distraction, aggressive driving, or other risky behaviors,
thereby enhancing driver safety.

¢ Dynamic routing and traffic prediction: Using ML models to predict traffic congestion,
road conditions, and optimal routes based on historical and real-time data, enabling
navigation systems to provide more accurate and efficient route guidance.

¢ Energy management and efficiency: Applying ML techniques to optimize energy
usage in hybrid and electric vehicles by predicting energy demand, optimizing
powertrain operation, and managing battery charging and discharging cycles (Shahriar
et al., 2023).

e Vehicle dynamics and control: Employing reinforcement learning (RL) or model
predictive control (MPC) techniques to optimize vehicle dynamics and control systems
for improved handling, stability, and performance under various driving conditions.

e Simulation and testing: Using ML algorithms to simulate and test vehicle designs,
components, and systems in virtual environments, allowing for rapid prototyping,
optimization, and validation before physical implementation.
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e Cybersecurity: Implementing ML-based intrusion detection systems (IDS) to detect and
prevent cyber-attacks on vehicle communication networks and control systems,
ensuring the safety and security of connected and autonomous vehicles (Koopman and
Wagner, 2017).

e Supply chain optimization: Applying ML algorithms for demand forecasting,
inventory management, and supply chain optimization to improve the efficiency and
responsiveness of automotive manufacturing and distribution processes.

These methods and techniques collectively contribute to advancing vehicle safety,
performance, efficiency, and overall driving experience through the integration of ML in
automotive engineering.

4. Practical Applications

Let’s delve deeper into the applications of ML in the automotive industry and explore some
of its most popular use cases, including autonomous vehicle technology, anomaly detection,
risk prevention, personalized driving experience, on-road assistance, traffic prediction, and
route optimization (Malik et al., 2022).

4.1. Autonomous driving

ML plays a crucial role in enabling autonomous vehicles to adapt to dynamic and
unpredictable environments. These algorithms continuously learn from real-world data to
improve their decision-making capabilities, allowing them to recognize and respond to new
scenarios with greater accuracy and efficiency (Rana and Khatri, 2024). Moreover, ML facilitates
the development of robust perception systems that can handle various weather conditions,
lighting conditions, and road infrastructure. By integrating advanced algorithms with
sophisticated sensors, autonomous vehicles can detect and classify objects in their vicinity, such
as pedestrians, cyclists, and other vehicles, in real-time. This ability to perceive the environment
accurately is fundamental for ensuring passenger safety and achieving widespread adoption of
autonomous driving technology. Furthermore, ML techniques are employed to optimize route
planning and navigation, taking into account factors like traffic congestion, road closures, and
construction zones (Naresh et al., 2024). By continuously analyzing vast amounts of data,
autonomous vehicles can dynamically adjust their routes to minimize travel time, energy
consumption, and environmental impact, ultimately providing a smoother and more efficient
driving experience.

4.2. Advanced Driver Assistance Systems (ADAS)

These ADAS features leverage ML algorithms to continuously analyze sensor data,
including inputs from cameras, radar, lidar, and ultrasonic sensors, to create a comprehensive
understanding of the vehicle's surroundings. Adaptive cruise control uses ML to predict the
movement of nearby vehicles, adjusting the vehicle's speed accordingly to maintain a safe
following distance (Gao et al., 2022). Lane-keeping assistance systems employ ML to interpret
lane markings and vehicle trajectories, providing gentle steering interventions to keep the
vehicle within its lane. Automatic emergency braking systems utilize ML to recognize potential
collision scenarios, enabling rapid and precise braking interventions to mitigate or avoid
accidents. Additionally, blind-spot detection systems leverage ML to identify vehicles or objects
in adjacent lanes, providing warnings to the driver to prevent hazardous lane changes. These
advanced systems not only enhance driver safety but also pave the way for the development of
fully autonomous vehicles.
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4.3. Predictive maintenance

Predictive maintenance powered by ML goes beyond simply identifying when components
are likely to fail (Borg et al., 2023). These algorithms can also assess the severity of potential
failures and prioritize maintenance tasks accordingly. By analyzing patterns in sensor data and
historical maintenance records, they can provide insights into the root causes of failures,
allowing for targeted interventions to address underlying issues. Furthermore, ML models can
adapt and improve over time as they receive more data, leading to more accurate predictions
and increasingly effective maintenance strategies (Wang et al.,, 2023). Ultimately, predictive
maintenance not only minimizes downtime and extends the lifespan of vehicle parts but also
helps optimize maintenance schedules, reduce costs, and enhance overall operational efficiency
in automotive engineering.

4.4. Vehicle diagnostics

ML algorithms can continuously learn from new data, enabling them to adapt and improve
over time. This iterative learning process enhances the accuracy of diagnostics, enabling early
detection of potential issues before they escalate into major problems (Sahoo et al.,, 2024).
Additionally, by leveraging historical maintenance records and industry-wide data, these
algorithms can identify emerging trends and common failure patterns across vehicle models,
facilitating proactive maintenance strategies. As a result, vehicle downtime is minimized, and
fleet operators can better anticipate maintenance needs, optimizing operational efficiency and
ensuring vehicles remain in peak condition (Mittal and Panchal, 2023). Ultimately, the
application of ML in vehicle diagnostics not only reduces repair costs and improves reliability
but also contributes to overall customer satisfaction and brand loyalty.

4.5. Fuel efficiency optimization

ML algorithms can delve into the intricate relationships between various vehicle
components and their impact on fuel consumption. By leveraging real-time data from onboard
sensors, weather forecasts, and road conditions, these algorithms can fine-tune engine
parameters such as ignition timing, fuel injection, and transmission gearing for maximum
efficiency in diverse driving scenarios. Additionally, ML models can dynamically adjust route
planning algorithms to minimize fuel consumption by considering factors like traffic
congestion, elevation changes, and speed limits. Moreover, these algorithms can offer
personalized recommendations to drivers on efficient driving techniques, such as maintaining
steady speeds, minimizing rapid accelerations and decelerations, and leveraging regenerative
braking systems where applicable (Mittal, 2023). Through continuous learning and adaptation,
ML contributes significantly to reducing fuel consumption and greenhouse gas emissions,
aligning with the automotive industry's goals of sustainability and environmental stewardship.

4.6. Crash simulation and analysis

ML plays a crucial role in refining crash simulation and analysis methodologies within
automotive engineering. By leveraging vast datasets encompassing real-world crash scenarios,
ML algorithms can enhance the accuracy and predictive capabilities of crash simulations (Sahoo
et al, 2023b). These techniques enable engineers to model intricate aspects of occupant
behavior, including factors like seating positions, body postures, and injury mechanisms,
thereby facilitating the development of more effective safety features and restraint systems.
Moreover, ML algorithms can aid in simulating structural deformation with greater precision,
allowing engineers to evaluate various vehicle designs and materials for their crashworthiness.
Additionally, by delving into the complexities of impact dynamics, ML contributes to the
optimization of vehicle structures and materials to mitigate the severity of collisions and reduce
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the risk of injuries for occupants (Mittal et al., 2008). As a result, these advancements not only

enhance vehicle safety standards but also pave the way for innovative approaches to designing
more resilient and protective automobiles.

5. Benefits

ML applications in automotive engineering offer a wide array of benefits, particularly in

enhancing vehicle safety and performance. Here are some key advantages.

Improved safety features: ML algorithms can analyze vast amounts of data from
various sensors (such as cameras, LIDAR, radar) to detect and predict potential hazards
on the road (Sahoo and Goswami, 2024). This enables the development of advanced
driver assistance systems (ADAS) that can assist drivers in avoiding collisions,
detecting pedestrians and cyclists, and even predicting and preventing accidents.
Enhanced autonomous driving: ML plays a crucial role in the development of
autonomous vehicles. By leveraging deep learning techniques, vehicles can learn from
past experiences and improve their decision-making abilities over time. This leads to
more reliable and safer autonomous driving systems, ultimately reducing the risk of
accidents caused by human error.

Optimized performance: ML algorithms can optimize various aspects of vehicle
performance, such as fuel efficiency, acceleration, braking, and handling (Al-Gerafi et
al., 2024). By analyzing driving patterns and environmental conditions in real-time,
these algorithms can adjust vehicle settings dynamically to maximize performance
while ensuring safety.

Predictive maintenance: ML models can analyze data from vehicle sensors to predict
when components are likely to fail or require maintenance. This proactive approach to
maintenance can help prevent costly breakdowns, reduce downtime, and extend the
lifespan of vehicle components, ultimately improving reliability and reducing
maintenance costs.

Personalized driving experience: ML algorithms can analyze driver behavior and
preferences to personalize the driving experience. For example, adaptive cruise control
systems can learn a driver's preferred following distance and driving style, while
infotainment systems can recommend personalized routes and entertainment options
based on past behavior.

Energy efficiency: ML can optimize energy usage in electric and hybrid vehicles by
predicting driving patterns and optimizing the use of battery power. This can extend
the vehicle's range and reduce the environmental impact by minimizing energy
wastage.

Streamlined manufacturing processes: ML algorithms can optimize manufacturing
processes by analyzing production data to identify inefficiencies, reduce defects, and
improve quality control (Ionascu et al., 2024). This can lead to cost savings, faster
production times, and higher overall product quality.

Data-driven innovation: ML enables automotive engineers to harness the power of big
data to uncover insights and develop innovative solutions. By analyzing large datasets
collected from vehicles, engineers can identify trends, patterns, and correlations that
were previously impossible to detect, leading to continuous improvements in vehicle
safety, performance, and reliability.
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Overall, ML applications in automotive engineering offer a transformative opportunity to
enhance vehicle safety, performance, and efficiency, ultimately leading to safer roads, better
driving experiences, and a more sustainable transportation ecosystem.

6. Conclusion

One of the most significant advantages of ML in automotive engineering is its ability to
process vast amounts of data in real-time, enabling vehicles to make split-second decisions that
enhance safety and performance. For instance, ML algorithms can analyze sensor data to detect
and respond to potential hazards on the road, such as sudden changes in traffic patterns or the
presence of obstacles. Moreover, ML facilitates the development of autonomous driving
systems, which have the potential to revolutionize transportation by reducing accidents,
alleviating traffic congestion, and increasing accessibility for individuals with mobility
challenges. These systems rely on complex neural networks trained on extensive datasets to
perceive their surroundings, navigate through traffic, and make decisions autonomously.

In terms of performance enhancement, ML enables vehicles to adapt to various driving
conditions and driver preferences dynamically. For example, adaptive suspension systems use
ML algorithms to adjust damping rates in real-time, providing a smooth and comfortable ride
regardless of road conditions. Additionally, ML can optimize powertrain efficiency by
analyzing driving patterns and adjusting engine parameters accordingly, leading to improved
fuel economy and reduced emissions. Furthermore, ML plays a crucial role in the development
of connected vehicles, which leverage data exchange between vehicles and infrastructure to
enhance safety and efficiency. By analyzing data from onboard sensors and external sources
such as traffic cameras and weather stations, connected vehicles can anticipate potential
hazards and optimize route planning to minimize travel time and fuel consumption.

Looking ahead, the integration of ML in automotive engineering is poised to drive further
innovation across the industry. As vehicles become increasingly autonomous, interconnected,
and electrified, ML algorithms will continue to evolve to meet the complex challenges of
modern transportation. However, it is essential to address concerns related to data privacy,
cybersecurity, and ethical considerations to ensure that these technological advancements
benefit society responsibly.

In conclusion, ML applications in automotive engineering hold tremendous promise for
enhancing vehicle safety, performance, and overall driving experience. By harnessing the power
of data and advanced algorithms, automotive engineers can create vehicles that are not only
safer and more efficient but also more intelligent and adaptive to the needs of drivers and
passengers alike.

6.1. Limitations

When discussing the limitations of ML applications in automotive engineering, particularly
in enhancing vehicle safety and performance, several factors come into play. Here are some
potential limitations to consider.

e Data quality and quantity: ML models heavily rely on data. The effectiveness of these
models can be limited by the quality and quantity of available data. In automotive
engineering, obtaining large and diverse datasets that accurately represent real-world
driving conditions can be challenging.

e Data privacy and security concerns: Gathering data from vehicles raises privacy
concerns, as it often involves collecting information about drivers' behaviors and
locations. Ensuring the security and privacy of this data is crucial but can be technically
challenging.
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Interpretability and explainability: Many ML algorithms, especially deep learning
models, are often seen as black boxes, making it difficult to interpret how they make
decisions. In safety-critical applications like automotive engineering, the lack of
interpretability can be a significant limitation, as it's crucial to understand why a
particular decision was made.

Generalization to unseen scenarios: ML models trained on specific datasets may
struggle to generalize well to unseen scenarios. This limitation can pose risks in real-
world driving conditions where unexpected situations occur frequently.

Robustness to adversarial attacks: ML models can be vulnerable to adversarial attacks,
where small, carefully crafted perturbations to input data can cause the model to make
incorrect predictions. In automotive applications, this vulnerability could be exploited
to manipulate systems like autonomous driving or collision detection.

Regulatory and ethical challenges: Developing and deploying ML-based systems in
automotive engineering is subject to regulatory standards and ethical considerations.
Ensuring compliance with regulations and addressing ethical concerns related to safety,
fairness, and accountability can be challenging.

Computational resource requirements: Some ML algorithms, particularly deep
learning models, require significant computational resources for training and inference.
Implementing these models in resource-constrained automotive systems may be
impractical or require compromises in performance.

Integration with existing systems: Integrating ML algorithms into existing automotive
systems can be complex and may require significant modifications to hardware,
software, or both. Compatibility issues and the need for seamless integration pose
additional challenges.

Maintenance and updates: ML models require regular maintenance and updates to
remain effective, especially as new data become available or as the system's
requirements change. Managing these updates in automotive systems deployed at scale
can be logistically challenging.

Cost considerations: Developing, deploying, and maintaining ML-based systems in
automotive engineering can incur significant costs. Balancing the potential benefits with
the associated costs is essential for widespread adoption.

Addressing these limitations requires interdisciplinary collaboration among automotive
engineers, data scientists, ethicists, policymakers, and other stakeholders. Despite these
challenges, advancements in ML offer promising opportunities to enhance vehicle safety and
performance in the automotive industry.

6.2. Future scope

The future scope for ML applications in automotive engineering, particularly in enhancing

vehicle safety and performance, is vast and promising. Here are some potential avenues for

further exploration.

Advanced Driver Assistance Systems (ADAS) Enhancement: ML algorithms can be
further developed to improve existing ADAS functionalities such as lane departure
warning, adaptive cruise control, and automated emergency braking. Future systems
could incorporate more sophisticated perception capabilities, enabling vehicles to better
interpret complex traffic scenarios and navigate safely in various environments.

Autonomous driving: ML plays a pivotal role in the development of autonomous
vehicles (AVs). Future research could focus on refining perception systems to
accurately detect and classify objects in real-time, enhancing decision-making
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algorithms for safe navigation in dynamic environments, and improving vehicle-to-
vehicle communication to enable cooperative driving strategies.

e Predictive maintenance: ML models can predict component failures and maintenance
needs by analyzing data from various sensors and vehicle systems. Future
advancements may involve integrating more sources of data, such as driver behavior
and environmental factors, to enhance predictive capabilities and optimize maintenance
schedules, thereby reducing downtime and improving vehicle reliability.

e Personalized driving experience: ML algorithms can learn from individual driver
behavior and preferences to customize vehicle settings, such as seat position, climate
control, and infotainment options. Future developments could involve more advanced
driver profiling techniques and real-time adaptation to provide a tailored driving
experience for each user.

e Energy efficiency and emissions reduction: ML can optimize powertrain control
algorithms to improve fuel efficiency and reduce emissions. Future research may focus
on developing predictive models for optimal energy management, integrating vehicle-
to-grid technologies to support bidirectional energy flow, and optimizing hybrid and
electric vehicle systems for enhanced performance and range.

e Cybersecurity: ML can be used to detect and prevent cyber-attacks on vehicle systems
and networks. Future efforts may involve developing anomaly detection algorithms to
identify suspicious behavior in real-time, implementing secure communication
protocols for vehicle-to-vehicle and vehicle-to-infrastructure connectivity, and
enhancing system robustness against emerging threats.

e Simulation and virtual testing: ML techniques can accelerate the development and
validation of automotive systems through simulation and virtual testing. Future
advancements could include the development of more realistic and accurate virtual
environments, the integration of physics-based models with data-driven approaches for
improved simulation accuracy, and the automation of testing procedures using
reinforcement learning and other ML techniques.

Overall, the future of ML applications in automotive engineering holds tremendous
potential for revolutionizing vehicle safety, performance, and user experience, paving the way
for the next generation of intelligent and connected vehicles.

Acknowledgments

We would like to express our sincere gratitude to all those who have contributed to this
paper. Your support and expertise were invaluable in making this research possible.

References

Al-Gerafi, M. A., Goswami, S. S., Khan, M. A., Naveed, Q. N., Lasisi, A., AlMohimeed, A., &
Elaraby, A. (2024). Designing of an effective e-learning website using inter-valued fuzzy
hybrid MCDM concept: A pedagogical approach. Alexandria Engineering Journal, 97, 61-
87. https://doi.org/10.1016/j.aej.2024.04.012

Ali, E. S, Hasan, M. K., Hassan, R., Saeed, R. A., Hassan, M. B., Islam, S., Nafi, N. S,, &
Bevinakoppa, S. (2021). Machine learning technologies for secure vehicular
communication in internet of vehicles: recent advances and applications. Security and
Communication Networks, 1-23. https://doi.org/10.1155/2021/8868355

69


https://doi.org/10.1016/j.aej.2024.04.012
https://doi.org/10.1155/2021/8868355

Mondal & Goswami

Bachute, M. R., & Subhedar, J. M. (2021). Autonomous driving architectures: insights of machine
learning and deep learning algorithms. Machine Learning with Applications, 6, 100164.
https://doi.org/10.1016/j.mlwa.2021.100164

Borg, M., Henriksson, J., Socha, K., Lennartsson, O., Sonnsjo Lonegren, E., Bui, T., Tomaszewski, P.,
Sathyamoorthy, S. R., Brink, S., & Moghadam, M. H. (2023). Ergo, SMIRK is safe: a safety
case for a machine learning component in a pedestrian automatic emergency brake
system. Software Quality Journal, 31(2), 335-403. https://doi.org/10.1007/s11219-022-09613-1

Gao, D,, Yao, B, Chang, G., & Li, Q. (2022). Multi-Objective Optimization Design of Vehicle Side
Crashworthiness Based on Machine Learning Point-Adding Method. Applied
Sciences, 12(20), 10320. https://doi.org/10.3390/app122010320

Ionascu, A. E., Goswami, S. S., Danila, A., Horga, M. G., Barbu, C., & Adrian, S. C. (2024). Analyzing
Primary Sector Selection for Economic Activity in Romania: An Interval-Valued Fuzzy
Multi-Criteria Approach. Mathematics, 12(8), 1157. https://doi.org/10.3390/math12081157

Koopman, P., & Wagner, M. (2017). Autonomous vehicle safety: An interdisciplinary
challenge. [EEE Intelligent Transportation Systems Magazine, 9(1), 90-96.
https://doi.org/10.1109/MITS.2016.2583491

Kuutti, S., Bowden, R,, Jin, Y., Barber, P., & Fallah, S. (2020). A survey of deep learning applications
to autonomous vehicle control. IEEE Transactions on Intelligent Transportation Systems, 22(2),
712-733. https://doi.org/10.1109/T1TS.2019.2962338

Malik, M., Nandal, R., Maan, U., & Prabhu, L. (2022). Enhancement in identification of unsafe
driving behaviour by blending machine learning and sensors. International Journal of System
Assurance Engineering and Management, 1-10. https://doi.org/10.1007/s13198-022-01710-5

Mittal, U. (2023). Detecting Hate Speech Utilizing Deep Convolutional Network and Transformer
Models. International Conference on Electrical, Electronics, Communication and Computers, IEEE,
1-4. https://doi.org/10.1109/ELEXCOM58812.2023.10370502

Mittal, U., & Panchal, D. (2023). Al-based evaluation system for supply chain vulnerabilities and
resilience amidst external shocks: An empirical approach. Reports in Mechanical
Engineering, 4(1), 276-289. https://doi.org/10.31181/rme040122112023m

Mittal, U., Yang, H., Bukkapatnam, S. T., & Barajas, L. G. (2008). Dynamics and performance
modeling of multi-stage manufacturing systems using nonlinear stochastic differential
equations. International Conference on Automation Science and Engineering, IEEE, 498-503.
https://doi.org/10.1109/COASE.2008.4626530

Naresh, V. S., Ratnakara Rao, G. V., & Prabhakar, D. V. N. (2024). Predictive machine learning in
optimizing the performance of electric vehicle batteries: Techniques, challenges, and
solutions. Wiley Interdisciplinary Reviews: Data Mining and Knowledge Discovery, e1539.
https://doi.org/10.1002/widm.1539

Norouzi, A., Heidarifar, H., Borhan, H., Shahbakhti, M., & Koch, C. R. (2023). Integrating machine
learning and model predictive control for automotive applications: A review and future
directions. Engineering Applications of Artificial Intelligence, 120, 105878.
https://doi.org/10.1016/j.engappai.2023.105878

Osman, O. A., Hajij, M., Bakhit, P. R., & Ishak, S. (2019). Prediction of near-crashes from observed
vehicle kinematics using machine learning. Transportation Research Record, 2673(12), 463-473.
https://doi.org/10.1177/0361198119862629

Pandharipande, A., Cheng, C. H., Dauwels, J., Gurbuz, S. Z., Ibanez-Guzman, J., Li, G., Piazzoni, A.,
Wang, P., & Santra, A. (2023). Sensing and machine learning for automotive perception: A
review. I[EEE Sensors Journal, 23(11), 11097-11115. https://doi.org/10.1109/JSEN.2023.3262134

Rana, K., & Khatri, N. (2024). Automotive intelligence: Unleashing the potential of Al beyond
advance driver assisting system, a comprehensive review. Computers and Electrical
Engineering, 117, 109237. https://doi.org/10.1016/j.compeleceng.2024.109237

70


https://doi.org/10.1016/j.mlwa.2021.100164
https://doi.org/10.3390/app122010320
https://doi.org/10.1109/MITS.2016.2583491
https://doi.org/10.1109/TITS.2019.2962338
https://doi.org/10.1007/s13198-022-01710-5
https://doi.org/10.31181/rme040122112023m
https://doi.org/10.1002/widm.1539
https://doi.org/10.1016/j.engappai.2023.105878
https://doi.org/10.1177/0361198119862629
https://doi.org/10.1109/JSEN.2023.3262134
https://doi.org/10.1016/j.compeleceng.2024.109237

Machine Learning Applications in Automotive Engineering: Enhancing Vehicle Safety and Performance

Sahoo, S. K., Das, A. K,, Samanta, S., & Goswami, S. S. (2023a). Assessing the role of sustainable
development in mitigating the issue of global warming. Journal of process management and
new technologies, 11(1-2), 1-21. https://doi.org/10.5937/jpmnt11-44122

Sahoo, S. K., & Goswami, S. S. (2024). Green Supplier Selection using MCDM: A Comprehensive
Review of Recent Studies. Spectrum of Engineering and Management Sciences, 2(1), 1-16.
https://doi.org/10.31181/sems1120241a

Sahoo, S. K., Goswami, S. S., & Halder, R. (2024). Supplier Selection in the Age of Industry 4.0: A
Review on MCDM Applications and Trends. Decision Making Advances, 2(1), 32-47.
https://doi.org/10.31181/dma21202420

Sahoo, S. K., Goswami, S. S., Sarkar, S., & Mitra, S. (2023b). A review of digital transformation and
industry 4.0 in supply chain management for small and medium-sized enterprises. Spectrum
of Engineering and Management Sciences, 1(1), 58-72. https://doi.org/10.31181/sems1120237j

Shahriar, M. S., Kale, A. K., & Chang, K. (2023). Enhancing Intersection Traffic Safety Utilizing V2I
Communications: Design and Evaluation of Machine Learning Based Framework. [EEE
Access. https://doi.org/10.1109/ACCESS.2023.3319382

Theissler, A., Pérez-Velazquez, J., Kettelgerdes, M., & Elger, G. (2021). Predictive maintenance
enabled by machine learning: Use cases and challenges in the automotive
industry. Reliability engineering & system safety, 215, 107864.
https://doi.org/10.1016/j.ress.2021.107864

Wang, K., Ying, Z., Goswami, S. S., Yin, Y., & Zhao, Y. (2023). Investigating the role of artificial
intelligence technologies in the construction industry using a Delphi-ANP-TOPSIS hybrid
MCDM  concept under a fuzzy  environment. Sustainability, 15(15),  11848.
https://doi.org/10.3390/su151511848

Yang, D., Zhu, L., Liu, Y., Wu, D., & Ran, B. (2018). A novel car-following control model combining
machine learning and kinematics models for automated vehicles. IEEE Transactions on
Intelligent Transportation Systems, 20(6), 1991-2000. https://doi.org/10.1109/TITS.2018.2854827

© 2024 by the authors. Submitted for possible open access publication under the terms and

conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).

71


https://doi.org/10.5937/jpmnt11-44122
https://doi.org/10.31181/dma21202420
https://doi.org/10.1109/ACCESS.2023.3319382
https://doi.org/10.1016/j.ress.2021.107864
https://doi.org/10.3390/su151511848
https://doi.org/10.1109/TITS.2018.2854827

