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Abstract 

The historical progression of Artificial Intelligence (AI) from early symbolic algorithms in the mid-
20th century to today’s large-scale, self-optimising deep learning architectures has initiated 
profound structural changes across engineering-driven industries. Automotive engineering, 
traditionally defined by deterministic modelling, iterative prototyping, and specialised human 
expertise, is increasingly shaped by digitalisation and automation trends. Despite extensive research 
into AI-assisted vehicle functions, the implications of this technological evolution for the automotive 
engineering labour market remain insufficiently examined. The sector now faces a fundamental shift 
in required skill profiles as AI systems progressively influence design cycles, simulation 
environments, manufacturing operations, and testing workflows. 

This study conducts a structured historical and technical analysis based on seminal AI literature, 
contemporary engineering sources, and automotive-specific research reports. The methodology 
integrates: (1) a chronological review of AI development from early symbolic systems to large-scale 
deep neural architectures; (2) a systematic mapping of AI techniques onto specific engineering 
activities across the automotive value chain; and (3) a comparative assessment of AI-enabled 
automation relative to traditional deterministic and physics-based engineering workflows. 
Emphasis is placed on conceptual design, simulation (Computational Fluid Dynamics (CFD), Finite 
Element Method (FEM) and Multi-Body Simulation (MKS)), control system development, validation 
workflows, and manufacturing processes. 

The analysis shows that the transition from rule-based reasoning to data-driven learning systems 
enabled a substantial expansion of engineering automation capabilities. Modern AI, particularly 
deep learning and surrogate modelling, reduces simulation times, accelerates design-space 
exploration, and enhances prediction accuracy in complex nonlinear systems. AI-driven perception 
and decision-making support advanced driver-assistance systems and autonomous vehicles, while 
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machine-learning-based analytics automate calibration, anomaly detection, test prioritisation, and 
real-time manufacturing quality control. However, challenges persist regarding explainability, data 
sufficiency, safety validation, and the integration of AI systems into established regulatory 
frameworks such as International Organization for Standardization (ISO 26262) and Safety Of The 
Intended Functionality (SOTIF). 

AI has catalysed a paradigm shift toward adaptive, data-driven and partially autonomous 
engineering processes in the automotive industry. While it enables significant productivity gains and 
new functional capabilities, it does not fully replace human engineering expertise. Instead, emerging 
engineering workflows increasingly rely on human-in-the-loop collaboration. Understanding the 
historical trajectory of AI is therefore essential for guiding future research, ensuring safe 
implementation, and preparing the engineering workforce for the continuing transformation of 
automotive development. 

Keywords: Artificial Intelligence, Future workplace, Engineering, Industry 4.0  

 

I. INTRODUCTION 

Artificial Intelligence (AI) has evolved from a speculative research topic into one of the most 
influential technological drivers of the 21st century. Its impact is particularly pronounced in 
automotive engineering due to the sector’s high complexity, safety requirements, and socio-
economic relevance. Modern vehicles increasingly rely on intelligent algorithms for design, 
simulation, manufacturing, and operation, reflecting a broader industrial shift toward automation, 
digitalisation, and data-driven decision-making. Russell and Norvig (2021) and Nilsson (2014) 
describe AI as one of the most powerful technological tools in human history.  

Traditionally, automotive engineering has depended on human expertise, deterministic models, 
and manual optimisation across tasks such as Computer-Aided Design (CAD) modelling, Finite 
Element Method (FEM) and Computational Fluid Dynamics (CFD) simulation, testing, calibration, 
control design, and virtual vehicle development. The emergence of AI systems capable of learning 
from large datasets, optimising nonlinear systems, and supporting automated decision-making 
offers substantial potential to accelerate and extend engineering workflows. At the same time, it 
raises critical questions regarding workforce transformation, system reliability, explainability, and 
the redefinition of engineering roles. 

The objective of this paper is twofold: first, to outline the historical development of AI and the key 
breakthroughs enabling modern applications; second, to analyse the impact of AI on engineering 
automation in the automotive domain. Based on scientific literature and industry reports, the paper 
examines how AI enhances design, simulation, automated driving, testing, and production 
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processes, and concludes with a discussion of limitations, ethical considerations, and future hybrid 
approaches combining physical and data-driven models, as well as the evolving role of human 
engineers. 

While the reviewed technological developments are globally relevant, the discussion of workforce 
implications primarily reflects the European automotive industry, given its regulatory environment, 
industrial structure, and education system. 

This study follows a structured qualitative literature review methodology. Relevant sources were 
selected based on scientific relevance, citation impact, and applicability to automotive engineering. 
The analysis is conceptual in nature and does not aim to provide statistical generalisation or 
predictive claims, but rather a systematic synthesis and critical interpretation of established 
research. 

 

1. Historical Development of Artificial Intelligence 

1.1. Early Conceptual Foundations (1940s–1960s) 

The foundations of artificial intelligence were established in the 1940s through the formalisation of 
cognition using mathematical and computational principles. McCulloch and Pitts (1943) from 
Russell and Norvig (2021) introduced a binary neuron model demonstrating that neural networks 
are computationally universal and capable of implementing logical operations, thereby linking 
neural structures with symbolic reasoning. Hebb’s learning rule (Hebb, 1949) provided the first 
theory of synaptic adaptation through repeated co-activation and remains a core concept in 
learning theory. Early implementations such as the SNARC by Minsky and Edmonds demonstrated 
the physical feasibility of neural networks, while symbolic AI emerged through game-playing 
programs by Strachey and Samuel. Turing’s seminal work Computing Machinery and Intelligence 
(Turing, 1950) framed intelligence as a computational phenomenon and introduced learning-based 
machine intelligence. The Dartmouth Conference of 1956 formally established AI as a research field. 
Systems such as the Logic Theorist by Newell and Simon demonstrated that symbolic reasoning 
could be automated, shaping early AI research (Newell & Simon, 1956). 

 

1.2.  Symbolic AI and Expert Systems (1970s–1980s) 

Early AI relied on general-purpose weak methods, which proved insufficient for complex problems. 
This led to knowledge-based systems that embedded domain expertise to reduce search 
complexity. DENDRAL demonstrated the effectiveness of expert knowledge in scientific problem-
solving (Feigenbaum et al., 1965), while MYCIN extended this approach to medical diagnosis using 
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rule-based reasoning and certainty factors (Shortliffe, 1976). Despite industrial success, expert 
systems suffered from poor scalability, limited learning capability, and high maintenance effort, 
ultimately leading to the AI winter (Russell & Norvig, 2021). 

 

1.3. Machine Learning Revolution (1990s–2010) 

From the 1990s onward, AI shifted from symbolic reasoning toward data-driven statistical learning. 
As described by Russell and Norvig (2021), this transition enabled AI systems to model uncertainty 
and complex nonlinear relationships. Key advances included support vector machines, ensemble 
methods, and reinforcement learning algorithms such as Q-learning, which proved especially 
relevant for control and robotics applications. Nilsson (2014) and Winston (1992) emphasise that 
AI became increasingly empirical and performance-driven. Rising computational power and early 
Graphics Processing Unit (GPU) usage enabled larger neural networks, reviving connectionist 
approaches originally proposed by Rosenblatt (Rosenblatt, 1958). These developments laid the 
groundwork for modern deep learning architectures (Goodfellow et al., 2016). In automotive 
engineering, this era introduced scalable tools for predictive maintenance, adaptive calibration, and 
early driver-assistance systems, forming the basis for later autonomous technologies. 

1.4. Deep Learning Era (2010–Today) 

Since 2010, deep learning has become the dominant AI paradigm, enabled by large datasets, GPU 
acceleration, and architectural innovations. The ImageNet breakthrough by Krizhevsky et al. (2012) 
demonstrated the superiority of deep convolutional networks over traditional methods. Deep 
learning models learn hierarchical representations directly from raw data, as detailed by 
Goodfellow et al. (2016), and have expanded to include transformers, attention mechanisms, and 
generative models. In automotive engineering, deep learning underpins perception, sensor fusion, 
trajectory prediction, control optimisation, and surrogate modelling for CFD and FEM acceleration. 
AI-driven automation has become integral to testing, validation, and manufacturing, while 
simultaneously raising challenges related to explainability, robustness, and safety compliance with 
the International Organization for Standardization ISO 26262 (International Organization for 
Standardization, 2018), the Safety Of The Intended Functionality ISO 21448 (SOTIF) (International 
Organization for Standardization, 2019), and United Nations Economic Commission for Europe 
(UNECE) regulations (United Nations Economic Commission for Europe, 2021a, 2021b). Overall, this 
era marks the transition from narrow AI solutions to scalable learning systems that fundamentally 
reshape automotive development processes. 
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2. Automation in Engineering and Automotive Development 

2.1 AI in Conceptual Vehicle Design 

AI has become a key enabler in conceptual vehicle design by accelerating design-space exploration 
and reducing reliance on computationally expensive simulations. Machine learning and deep 
learning models (Goodfellow et al., 2016) support early-stage optimisation and generative design, 
enabling the automatic synthesis of geometries that satisfy aerodynamic, structural, and packaging 
constraints. Neural-network-based surrogate models predict CFD and FEM results with significantly 
reduced computation time, enabling large-scale optimisation and sensitivity analysis. Automotive 
Original Equipment Manufacturers (OEMs) increasingly apply these methods to lightweight 
structures, battery integration, and thermal-management concepts. As emphasised by Nilsson 
(2014), this marks a shift from rule-based design support toward adaptive, learning-based design 
intelligence. 

2.2 AI in Simulation (CFD, FEM, MKS) 

CFD, FEM, and Multi-Body Simulation (MKS) simulations are essential to automotive development 
but are computationally intensive. AI-based surrogate models, physics-informed neural networks, 
and neural operators provide fast approximations while preserving physical consistency 
(Goodfellow et al., 2016). Deep learning models predict flow fields, stress distributions, and 
dynamic responses, while reinforcement learning optimises system parameters and control 
trajectories (Russell & Norvig, 2021). AI is also applied to automated meshing, boundary-condition 
inference, and solver monitoring. These approaches establish hybrid AI–physics frameworks that 
reduce computational cost without compromising engineering validity. 

2.3 AI in Control Systems and Autonomous Driving 

AI enables adaptive, perception-driven control strategies that extend beyond classical deterministic 
controllers. Deep learning architectures (Krizhevsky et al., 2012) form the basis of perception 
systems for Advanced Driver-Assistance Systems (ADAS) and autonomous vehicles, enabling object 
detection, sensor fusion, and environment understanding. Reinforcement learning allows control 
policies for trajectory planning, energy management, and vehicle stability to be learned through 
interaction with simulated environments (Russell & Norvig, 2021), supported by deep function 
approximators (Goodfellow et al., 2016). Despite these advances, deployment in safety-critical 
systems requires strict validation, robustness, and compliance with ISO 26262 and SOTIF standards. 

2.4 AI-Supported Testing and Validation Workflows 

Testing and validation generate large volumes of heterogeneous data. AI automates data 
interpretation through anomaly detection, clustering, and pattern recognition using statistical 
learning (Nilsson, 2014) and deep learning (Goodfellow et al., 2016). Machine learning supports 
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intelligent test-case selection, identification of coverage gaps, and generation of rare edge-case 
scenarios, particularly in autonomous-driving validation. These methods align with the transition 
toward virtual validation environments, reducing dependence on physical testing and accelerating 
approval processes. 

2.5 AI in Automotive Manufacturing Engineering 

Automotive manufacturing increasingly follows Industry 4.0 principles, with AI enabling adaptive 
and self-optimising production systems. Computer vision systems based on deep neural networks 
(Krizhevsky et al., 2012) perform automated quality inspection, while predictive-maintenance 
models reduce downtime. Reinforcement learning optimises robotic motion, assembly sequencing, 
and logistics flows, leveraging intelligent-agent principles described by Russell and Norvig (Russell 
& Norvig, 2021). AI thus extends automation from design and simulation into production, forming 
a continuous digital value chain. 

2.6 Organizational and Workforce Implications 

The integration of AI reshapes engineering roles by shifting human engineers toward supervision, 
validation, and system integration. AI augments rather than replaces human expertise, as 
emphasized by Winston (1992) and Russell and Norvig (2021). Successful adoption requires new 
competencies in data science, machine learning, and digital systems, as well as organisational 
processes that ensure transparency, robustness, and regulatory compliance with ISO 26262 
(International Organization for Standardization, 2018), ISO 21448 (International Organization for 
Standardization, 2019), and UN R155 (United Nations Economic Commission for Europe, 2021a). 
Strategically, AI integration has become a key determinant of competitiveness in the automotive 
sector, influencing development speed, innovation capacity, and long-term technological 
relevance. 

2.7 Transformation of Engineering Roles and Workforce Requirements 

The integration of artificial intelligence into the field of automotive engineering has been shown to 
result in a targeted transformation of specific roles within engineering, rather than leading to 
general workforce displacement. In particular, simulation engineers (CFD, FEM, MKS) and 
calibration engineers are shifting away from manual model execution, parameter sweeps, and test-
intensive tuning toward the supervision of AI-supported simulation pipelines, surrogate models, 
and learning-based calibration frameworks, with increased responsibility for result validation and 
system-level decision-making. Concurrently, industry data from automotive OEMs and suppliers 
signifies an augmentation in demand for hybrid profiles that integrate mechanical or electrical 
engineering with competencies in machine learning, data engineering, and functional safety, 
concomitant with a decline in demand for narrowly tool-centric roles. These trends have direct 
implications for engineering education within the regional context of applied-science and 
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automotive-focused programmes, where curricula must increasingly integrate data-driven 
methods, software-oriented development workflows, and AI validation alongside classical vehicle 
dynamics, simulation, and control theory. Consequently, the role of the automotive engineer as a 
system integrator and safety-responsible decision-maker is reinforced by AI. This necessitates 
continuous upskilling rather than replacement. 

2.8 Evidence-Based Trends in Automotive Engineering Workforce Transformation 

Secondary industry and institutional data indicate a measurable structural shift in the automotive 
engineering workforce associated with the increasing adoption of artificial intelligence. Industry 
analyses and OEM publications report a sustained increase in demand for engineers with combined 
competencies in vehicle engineering, software development, and data-driven modelling, alongside 
a declining emphasis on narrowly tool-centric roles in simulation, testing, and calibration (AVL List 
GmbH, n.d.; BMW Group, n.d.; Continental AG, n.d.; McKinsey & Company, 2020; Robert Bosch 
GmbH, n.d.). These sources consistently identify productivity gains in AI-supported CFD, FEM, and 
validation workflows, where surrogate modelling and automated test prioritisation reduce 
execution time while increasing the need for human supervision and result validation. This trend is 
explicitly reflected in publications by major automotive manufacturers and engineering service 
providers such as BMW Group and AVL, which describe the systematic integration of AI-based 
methods into vehicle development, simulation, and testing processes (AVL List GmbH, n.d.; BMW 
Group, n.d.). In these organisations, AI is reported to function primarily as an efficiency-enhancing 
and decision-support technology, reinforcing the role of engineers as system integrators and 
validation-responsible experts rather than replacing technical personnel. In parallel, regulatory 
datasets and safety frameworks such as ISO 26262, ISO 21448 (SOTIF), and UNECE regulations imply 
additional staffing requirements in system validation, functional safety, and compliance 
engineering, reinforcing a shift from manual task execution toward system-level responsibility 
rather than overall workforce reduction (International Organization for Standardization, 2018, 
2019; United Nations Economic Commission for Europe, 2021a, 2021b). It is also important to note 
that these statements reflect quantitative performance improvements reported in the literature 
reviewed and in industry sources, and are presented as aggregate results rather than results from 
original empirical measurements. 

3. Critical aspects of integrating AI into everyday engineering work 

3.1 Benefits of using AI 

Artificial intelligence provides significant benefits to automotive engineering by improving 
efficiency, accuracy, and scalability across the development process. Machine learning and deep 
learning techniques enable the extraction of complex patterns from large datasets, allowing robust 
modelling of nonlinear and high-dimensional systems and outperforming purely deterministic 



 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

401 

approaches (Goodfellow et al., 2016). AI-based surrogate models drastically accelerate CFD, FEM, 
and MKS simulations, enabling extensive design-space exploration and automated optimisation 
based on principles described by Russell and Norvig (2021). Product quality and reliability are 
enhanced through AI-supported defect detection in manufacturing, predictive maintenance, and 
automated identification of critical test scenarios, particularly in safety-critical autonomous driving 
applications (Krizhevsky et al., 2012). From an organizational perspective, AI supports knowledge 
retention and standardised decision-making by learning from historical engineering data, reducing 
dependence on tacit expertise and reinforcing consistent engineering practices (Nilsson, 2014; 
Winston, 1992). Overall, AI functions as a strategic enabler that shortens development cycles, 
improves product quality, and addresses the growing complexity of electrified, autonomous, and 
software-defined vehicle architectures. 

3.2 Limitations of AI-Based Methods in Automotive Engineering 

Despite its advantages, AI in automotive engineering faces several fundamental limitations. Deep 
learning models depend heavily on large, high-quality datasets, and their performance degrades 
when exposed to conditions not represented during training. As highlighted by Goodfellow et al. 
(2016), such models often lack interpretability, making it difficult for engineers to understand the 
underlying reasoning or validate decisions in safety-critical contexts. Data-driven models also 
struggle with extrapolation beyond known design or operating domains, where physics-based 
methods remain more reliable. Consequently, effective application of AI still requires human 
engineering judgement and creative problemsolving, particularly in model formulation, boundary-
condition definition, and the interpretation of novel or unexpected system behavior. Furthermore, 
the integration of AI into established workflows requires substantial computational resources, 
specialised expertise, and organisational adaptation. 

3.3 Technical and Operational Risks of AI-Based Systems 

The use of AI introduces several technical and operational risks. Learning-based models may exhibit 
unpredictable behavior in rare or unseen scenarios, particularly in autonomous driving and 
automated control systems. Vulnerabilities to adversarial perturbations, as noted in the deep 
learning literature, pose additional safety concerns. From a technical perspective, data-driven 
models may fail outside their training domain, while insufficient validation can lead to unsafe 
system behavior. In addition to system-level risks, the integration of AI also affects human behavior 
within engineering workflows. Increased automation and decision support may lead to cognitive 
offloading, where engineers rely excessively on AI-generated outputs, reducing active critical 
evaluation. Over time, this may contribute to deskilling, particularly in tasks that are no longer 
regularly performed manually, such as detailed model tuning or boundary-condition definition. 
Over-reliance on AI tools can therefore weaken engineering judgement if human oversight and 
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validation responsibilities are not explicitly maintained. From an organizational and business 
perspective, inadequate data governance, insufficient model transparency, or weak validation 
processes can result in incorrect design conclusions, compromised product quality, and non-
compliance with functional safety and regulatory requirements. 

3.4 Ethical and Regulatory Considerations 

AI deployment in the automotive domain raises ethical issues related to transparency, 
accountability, and fairness. Safety-critical applications require explainability to ensure that system 
decisions can be verified, consistent with the principles described by Russell and Norvig (2021). 
Regulatory frameworks such as ISO 26262 (International Organization for Standardization, 2018), 
ISO 21448 (SOTIF) (International Organization for Standardization, 2019), and UN R155 (United 
Nations Economic Commission for Europe, 2021a) mandate rigorous validation, cybersecurity 
controls, and traceability for AI-based functions. Ethical concerns also arise regarding the use of 
customer data, potential workforce displacement, and responsibility in automated decision-
making. In the European context, the European Union (EU) Artificial Intelligence Act introduces a 
binding, risk-based regulatory framework that directly affects the development, validation, and 
deployment of AI systems in automotive engineering, particularly for safety-critical and high-risk 
applications. 

Many AI applications in automotive engineering, particularly ADAS and automated driving 
functions, fall under the high-risk category defined by the EU Artificial Intelligence Act (European 
Union, 2024) due to their direct impact on safety and fundamental rights. High-risk classification 
entails mandatory requirements for data governance, risk management, model transparency, 
human oversight, and post deployment monitoring, directly affecting engineering workflows from 
model training to system validation. While standards such as ISO 26262 and SOTIF focus on 
functional and intended safety, the EU AI Act extends regulatory control to data quality, learning 
behavior, and lifecycle governance of AI-based systems. In this context, a critical ethical risk lies in 
overestimating the autonomy and competence of AI systems. While AI can outperform humans in 
narrowly defined tasks, it lacks general understanding, contextual reasoning, and responsibility. 
Treating AI as a substitute for human decision-making may obscure accountability, weaken human 
oversight, and create false assumptions about system reliability. Ensuring compliance and ethical 
integrity therefore requires clear governance structures, explicit human-in-the-loop responsibility, 
interdisciplinary oversight, and continuous monitoring of AI behavior throughout the vehicle life 
cycle. 

II. CONCLUSION AND OUTLOOK 

Artificial intelligence has become a central enabler of modern automotive engineering by 
complementing classical physics-based methods with data-driven approaches. Across design, 



 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

403 

simulation, validation, and manufacturing, AI accelerates design-space exploration, reduces 
computational effort through surrogate models, and supports perception and control in automated 
vehicle systems. 

A core development is the emergence of hybrid AI–physics methodologies, in which machine 
learning models are integrated with established CFD, FEM, and multibody simulations. These 
approaches enable faster model evaluation, digital-twin concepts, and continuous simulation-
based validation while retaining physical consistency. Reinforcement learning and generative 
models further support automated optimisation and adaptive control, particularly in software-
defined vehicle architectures. 

The deployment of AI remains limited by challenges in explainability, robustness, data availability, 
and compliance with safety standards such as ISO 26262 and SOTIF (International Organization for 
Standardization, 2018, 2019). As a result, AI systems require continuous human supervision and 
validation and cannot operate independently in safety-critical engineering contexts. 

From a workforce perspective, AI leads to a redefinition rather than a replacement of engineering 
roles. Routine tasks are increasingly automated, while demand grows for engineers with combined 
expertise in vehicle engineering, data-driven modelling, and AI validation. Consequently, the 
automotive engineer’s role is shifting toward system integration, safety responsibility, and critical 
assessment of AI-supported results. 

In summary, AI fundamentally changes how engineering knowledge is generated and applied, but 
its effective use depends on hybrid modelling strategies, transparent validation frameworks, and 
sustained human involvement. Further research is required to improve validation methods for 
learning-based systems and to quantitatively assess long-term workforce effects. 

Accordingly, statements concerning future developments should be interpreted as informed trends 
rather than forecasts. The dynamic nature of technological progress, regulatory evolution, and 
economic conditions prevents reliable prediction of how AI-driven automation will affect 
employment structures in the long term. Future research will require empirical studies, longitudinal 
data, and quantitative labour-market analyses to substantiate or refine the trends identified in this 
review. 
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