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Abstract: Against the backdrop of deep integration between the digital economy and the real economy, artificial intelligence
is comprehensively reshaping the automotive industry’s technological framework, production models, and value structures.
Centred on the core logic of Al empowering the entire automotive industry chain, this paper systematically examines
its application pathways and enabling outcomes across R&D design, manufacturing, supply chain management, and
marketing services. It distils three core transformative characteristics: iterative shifts in industrial competition focal points,
reconfiguration of ecosystem structures, and dual upgrading of value and standards. Building upon this foundation, the
paper anticipates future trends characterised by multidimensional deepening of technological convergence, comprehensive
strengthening of industrial synergy, and bidirectional empowerment through scenario applications and security systems.
Concurrently, it precisely identifies key challenges including technological bottlenecks, barriers to industrial collaboration,
lagging institutional adaptation, and user perception biases. Addressing these challenges, the paper proposes targeted
development recommendations across four dimensions: technological innovation breakthroughs, optimisation of industrial
chain collaboration, refinement of institutional frameworks, and cultivation of user markets. Research indicates that artificial
intelligence not only enhances efficiency and optimises quality across automotive industry segments but also propels the
sector’s transformation from mechanical manufacturing to intelligent manufacturing, and from single-product focus to full
lifecycle services. Deepening this integration represents a strategic opportunity for China to evolve from a major automotive
nation into a leading automotive power, offering a Chinese solution for the global automotive industry’s intelligent
transformation.
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1.Introduction

At this pivotal juncture where a new global wave of technological revolution and industrial transformation are intertwining
and evolving, artificial intelligence (Al) stands as the quintessential disruptive technology. Through a chain reaction of
“technological empowerment—industrial restructuring—ecosystem iteration”, it is reshaping the global industrial competitive

landscape'". The automotive industry, as a comprehensive sector integrating technologies from mechanical manufacturing,
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electronics, information technology, energy, and power systems, serves not only as a core pillar of the national economy but
also as a crucial indicator of a nation’s manufacturing prowess and technological innovation capabilities."”’. Its development
model is poised to undergo a sixth paradigm shift, centred on the transformation towards “intelligent, connected, electrified,
shared, and low-carbon vehicles””. The deep integration of Al technology with the automotive industry transcends mere
technological superposition. It has become a strategic fulcrum for fostering new productive forces and constructing a modern
industrial system, serving as the core engine propelling the sector towards green, intelligent, and high-end development.
Reflecting on the automotive industry’s evolution, the technological transition from steam power to internal combustion
engines heralded a propulsion revolution; the shift from conventional fuel vehicles to new energy vehicles marked an
environmental revolution; and the current Al-driven intelligent transformation is now catalysing a comprehensive intelligent
revolution encompassing product form, production models, mobility services, and industrial ecosystems'*. Unlike the closed-
source monopolistic technological paths pursued abroad, China has forged a unique development trajectory centred on
both vehicle-centric intelligence and vehicle-road-cloud coordination. Leveraging its advantages of a super-large market
scale, comprehensive industrial chain capabilities, and an open-source innovation ecosystem, this approach has cultivated
exceptionally fertile ground for the deep integration of Al and the automotive industry. According to 2024 data released
by the China Association of Automobile Manufacturers (2025), China’s automobile production and sales reached 31.282
million and 31.436 million units respectively, maintaining its position as the world’s largest market for the 16th consecutive
year. New energy vehicle sales reached 12.866 million units, achieving a penetration rate of 40.9% and entering a new phase
of scaled development. In the first half of 2024, the penetration rate of Level 2 or higher driver assistance systems in new
passenger vehicles reached 55.7%". Vast market data and application scenarios are accelerating the iterative optimisation and
commercial deployment of Al algorithms. Against this backdrop, China’s intelligent connected vehicle industry has become a
core arena in global industrial competition. It not only fulfils the intrinsic demand for the automotive sector’s transformation
and upgrading but also shoulders the strategic mission of propelling China’s transition from a “major automotive nation” to a
“leading automotive power”.

Nevertheless, the integration of Al and the automotive sector remains in a phase of profound exploration, facing multiple
challenges across technological implementation, industrial coordination, and regulatory adaptation: insufficient adaptability of
advanced autonomous driving systems to long-tail scenarios'®, persistent risks of bottlenecks in core intelligent components'”,
incomplete ecosystem mechanisms for cross-entity collaboration, and ongoing refinement required for institutional
frameworks governing autonomous driving liability allocation and data security governance'. These issues not only constrain
the depth and breadth of integrated development but also present major challenges requiring urgent resolution for both
academic research and industrial practice.

Against this backdrop, this paper, grounded in global technological competition and China’s industrial development realities,
adopts a logical framework of “technology application—industrial transformation—future trends”. It systematically analyses
AT’s application scenarios and practical outcomes across the entire automotive value chain, encompassing R&D design,
manufacturing, supply logistics, and marketing services. It delves into the transformative characteristics of automotive
industry competition focal points, ecosystem structures, value chains, and standards systems driven by Al. It precisely
identifies technological bottlenecks, industrial barriers, and institutional obstacles encountered during integration. Ultimately,
it forecasts future development trajectories and proposes targeted optimisation pathways. This research aims to construct
a theoretical analytical framework for the deep integration of Al and the automotive industry. It seeks to provide academic
reference for deepening research in related fields, while offering decision-making support for government industrial policy
formulation and corporate strategic planning. This endeavour will assist China in securing a dominant position in the
global intelligent connected vehicle industry competition, contributing Chinese wisdom and solutions to the intelligent

transformation of the global automotive sector.

2.Full-Chain Application Practices of Artificial Intelligence in the Automotive Industry
At this pivotal stage of the automotive industry’s intelligent transformation, artificial intelligence has transcended the

limitations of single-process applications. It has deeply permeated the entire value chain encompassing R&D, production,
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supply, sales, and service''”. Through data-driven collaborative optimisation and intelligent decision-making, it resolves

longstanding challenges within traditional value chains—such as fragmented information, suboptimal efficiency, and
delayed responsiveness—emerging as the core engine driving overall supply chain operational efficiency. The following
systematically analyses the application logic and outcomes of Al across each segment, drawing upon authoritative case
studies and technological application principles.

2.1 Research and Development Design: Intelligent Collaboration Shortens Cycles, Laying the

Foundation for Efficient Operations

Traditional automotive R&D processes encompass multiple stages including conceptual design, simulation testing, and
prototype manufacturing. These processes suffer from lengthy timelines, high costs, and insufficient precision. Developing
a new vehicle model typically requires 3-5 years, with physical prototype manufacturing costs reaching tens of millions
of yuan. The deep integration of Al technology has revolutionised the R&D model, enhancing efficiency and precision
throughout the entire process from concept generation to simulation testing'").

During the R&D design phase, the combined application of multimodal large models and generative Al has overcome the
limitations of traditional design relying on human expertise. Models such as Baidu Wenxin Yiyan and Huawei Pangu have
been deployed across multiple automotive manufacturers, serving functions including copywriting and bespoke creative
video content'”. Designers need only input core parameters like product positioning, performance specifications, and stylistic
preferences for AI models to rapidly generate diverse exterior and interior design proposals. These encompass varied aesthetic
orientations and aerodynamic requirements, compressing exterior design sketching—previously taking 1-2 days—to mere
minutes. Concurrently, Al can utilise historical market feedback data on design proposals to conduct preliminary screening
and optimisation of generated sketches. This eliminates options that fail to meet user preferences or manufacturing process
requirements, significantly enhancing the market suitability and feasibility of design solutions. Consequently, designers are
liberated from repetitive drafting tasks, enabling them to focus on refining and iterating core creative concepts.

Engineering simulation and testing represent the core application scenarios where Al empowers R&D to reduce costs and
enhance efficiency”. Traditional automotive development necessitates extensive physical simulations and physical testing,
such as computational fluid dynamics (CFD) analysis and crash safety testing, which are not only time-consuming but
also incur substantial equipment and prototype vehicle costs. Generative Al can learn the mapping relationships between
vast amounts of low-resolution and high-resolution simulation data. Based on low-precision simulation results, it rapidly
reconstructs critical data such as high-precision flow fields and stress distributions, boosting CFD analysis efficiency by
hundreds of times while effectively controlling and reducing simulation accuracy errors. Within crash safety testing, Al-
assisted parametric modelling techniques can automatically generate diverse virtual collision scenarios. Combined with
finite element analysis models, this enables precise prediction of structural deformation and safety performance under load,
significantly reducing the number of physical crash tests required. The application of Al technology effectively lowers
simulation testing costs and physical prototype development iterations during the automotive R&D phase.

2.2 Production and Manufacturing: Intelligent Scheduling Enhances Quality and Efficiency,

Strengthening Midstream Synergy
Against the backdrop of Industry 4.0, the deep integration of Al with technologies such as the Internet of Things, big data,

and digital twins is profoundly transforming automotive production processes, propelling factories towards intelligent,
flexible, and highly efficient operations'*. Al technology comprehensively elevates manufacturing efficiency and intelligence
by optimising production processes, enhancing quality control precision, and enabling intelligent logistics scheduling.

Regarding process optimisation, Al models establish dynamic parameter adjustment mechanisms by learning from vast
production datasets. Case studies utilising the Geega Industrial Al Platform demonstrate that Al can perform real-time
analysis of multi-source, heterogeneous data from critical processes such as stamping, welding, and painting. By constructing
Long Short-Term Memory (LSTM) neural network models to predict material springback, it automatically adjusts hydraulic
press pressure parameters, controlling crankshaft stamping dimensional accuracy within £0.02mm. In quality control, Al deep

learning visual inspection can be employed for cylinder block surface defect detection. By annotating, deep learning, and
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training image defects, optimal detection models are established and continuously self-optimised through iterative learning,
progressively enhancing detection accuracy'”. In body welding quality inspection, an intelligent X-ray non-destructive
testing system combined with virtual defect sample generation technology addresses the training challenge of insufficient real
defect samples in industrial settings. By training X-ray defect quality detection models, the Al system achieves automated
identification and assessment of internal defects in die-cast components'®.

Within logistics scheduling, the integration of AGV intelligent vehicles with path optimisation algorithms enables fully
automated, precision delivery throughout the entire process. Automotive manufacturers employ reinforcement learning-based
path optimisation algorithms with AGVs to transport components along fixed tracks with pinpoint accuracy to designated
workstations, enabling fully unmanned delivery in final assembly workshops. Integrated with unmanned intelligent warehous-
ing, MILKRUN delivery schemes, barcode traceability, and RFID smart identification technologies, this establishes highly
efficient logistics channels throughout the factory—spanning inbound storage, material supply, production, and outbound
distribution'”". The application of digital twin technology enables end-to-end visualised control of production processes.
Geely Automobile utilises digital twin technology to construct virtual factories, simulating delivery cycles and cost variations
under different production scheduling scenarios. This facilitates production line simulation and optimisation, enhancing the
precision of production planning and material management"*.

2.3 Supply Chain Segment: Intelligent Collaboration Breaks Down Barriers, Enhancing Overall

Operational Efficiency
The automotive supply chain is characterised by multiple stages, extensive geographical reach, and dispersed risk points.

It involves complex scenarios such as diverse stakeholders, cross-regional transportation, and multi-node inventory
management. Traditional linear response models struggle to address demand fluctuations and sudden risks. Al technology
drives the supply chain’s transformation from passive response to proactive forecasting and networked collaboration through
demand forecasting, risk early warning, and end-to-end logistics coordination optimisation. This enhances cross-entity
resource allocation efficiency and resilience.

Demand forecasting and inventory optimisation represent the core value of Al-empowered supply chains. Leveraging
machine learning algorithms, Al integrates multi-dimensional data—including market sales figures, policy shifts, and
consumer trends—to construct precise demand prediction models. These models provide scientific foundations for component
procurement and production planning. Such accuracy prevents inventory overstocking or shortages caused by demand
misjudgements, optimises inventory structure, and reduces capital occupation costs'”. Within the new energy vehicle battery
supply chain, Al further balances supply stability and cost control by analysing data on raw material price fluctuations,
production cycles, and logistics timelines.

Supply chain risk warning capabilities are significantly enhanced. Al constructs a multi-dimensional risk indicator system
covering supplier capacity, credit status, logistics timelines, and raw material supply. Employing hybrid algorithm models, it
quantifies risk levels, anticipates potential risks in advance, and issues early warnings””. Leveraging artificial intelligence and
big data technologies, automotive supply chains can transition from reactive risk management to proactive forecasting and
end-to-end control. Real-time analysis of supplier performance, critical material lead times, and cross-regional logistics status
enhances the comprehensiveness and timeliness of risk identification. When confronting sudden disruptions such as abnormal
raw material price fluctuations, obstructed critical component supply, or restricted regional logistics channels, Al systems can
rapidly integrate alternative supplier resources, substitute material solutions, and multi-modal transport routes. This generates
multi-scenario contingency scheduling strategies to assist enterprises in optimising decisions, effectively enhancing supply
chain resilience and risk-bearing capacity.

Logistics coordination optimisation focuses on enhancing cross-regional, cross-entity efficiency throughout the entire chain.
Al technology can span the entire process from cross-regional component transport to finished vehicle dispatch, achieving
end-to-end logistics efficiency gains through multi-source data coordination and algorithmic optimisation. During cross-
regional transport, Al integrates Radio Frequency Identification (RFID) technology with real-time traffic and meteorological

data. Utilising reinforcement learning algorithms, it dynamically optimises transport routes, flexibly adjusting combinations of
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road, rail, and sea freight modes. This effectively mitigates transport delay risks while enhancing the precision and timeliness
of cross-regional deliveries”". Concurrently, the Al system integrates component suppliers’ dispatch data, third-party logistics
in-transit data, and OEM production cadence data. This enables precise sequencing of components into factories according to
production requirements, facilitating direct delivery to final assembly stations. Consequently, it substantially reduces OEMs’
inventory buffer pressures and material mismatch risks. For finished vehicle shipments, Al optimises transport route planning
and vehicle loading schemes from OEMs to regional distributors. This enhances overall vehicle logistics loading rates and
lowers cross-regional shipping costs””. Furthermore, by integrating intelligent warehousing technology, Al enables remote
collaborative warehouse management between OEMs and core component suppliers. Through real-time inventory data
sharing and dynamic resource allocation, this approach further enhances logistics coordination efficiency across supply chain
nodes, ensuring seamless material flow throughout the entire chain'*.

2.4 Marketing and Services: Precisely Aligning with Market Demands, Extending Supply Chain Value
Boundaries

Al technology is reshaping the value chain of automotive marketing services, propelling the industry’s transition from
product-centric to user-centric approaches. This fosters an intelligent service ecosystem spanning sales, operations, and after-
sales processes, enhancing operational efficiency while optimising the user experience.

In the sales process, Al technology enables precise customer acquisition and demand discovery. Intelligent badge systems,
acting as sales personnel’s smart assistants, utilise voice recognition and industry-specific large-model analysis to capture
real-time interactions between customers and sales staff. They accurately extract customer requirements, purchase intentions,
and concerns, automatically constructing user profiles that are pushed to sales management systems. Concurrently, these
systems leverage intelligent listening and data analytics dashboards to enhance sales conversion rates and customer
experience™”. Simultaneously, sales personnel can query vehicle specifications, pricing policies, and financial solutions
via natural language. The Al system rapidly generates customised sales scripts and comparative proposals, substantially
enhancing service responsiveness and professionalism. In new media operations, Al live-streaming systems integrate
anthropomorphic voice synthesis, facial expression and motion simulation with large-model real-time dialogue technology.
This enables 24/7 uninterrupted online product demonstrations and interactive Q&A sessions. On one hand, standardised
services reduce operational manpower and time costs for live-streaming; on the other, leveraging platform traffic algorithms
and user behaviour analysis achieves precise targeting and lead capture for high-intent prospective buyers. Furthermore,
by integrating structured information such as vehicle specifications and purchasing policies, it can accurately address
common user enquiries while automatically recording interaction content and lead details. This provides precise guidance for
subsequent sales follow-ups, transforming online customer acquisition from a broad-based approach to targeted engagement
and enhancing synergy between online marketing and offline sales.

In the after-sales maintenance domain, Al-driven predictive maintenance represents an emerging industry trend. By
integrating vehicle sensor data, driving metrics, maintenance records, and other lifecycle information to train fault prediction
models, manufacturers can proactively identify potential risks and alert users””. For instance, Tesla leverages OTA (over-the-
air) technology to continuously update vehicle software and enhance driving experiences. It also employs cloud computing
to establish predictive fault models, analysing operational data to detect potential issues early and notify owners for repairs,
thereby significantly reducing failure rates”®. This predictive maintenance model not only reduces corporate recall and
operational costs but also enhances user travel safety and satisfaction. Furthermore, the widespread adoption of Al-powered
customer service has enabled rapid responses to after-sales enquiries. Through voice recognition and natural language
processing technologies, intelligent customer service systems can address basic, common queries, reducing response times to

seconds and significantly boosting user satisfaction.

3.Characteristics of AI-Driven Transformation and Future Trends in the Automotive
Industry
The deep integration of artificial intelligence with the automotive sector is driving systemic change from superficial to

fundamental levels, with technological empowerment serving as the core engine. Building upon innovations in product forms,
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production models, and service systems, this convergence has catalysed distinct characteristics: the iteration of competitive
focal points, the restructuring of ecosystem frameworks, and the dual upgrading of value propositions and standards. These
developments are fundamentally reshaping the core logic of industrial advancement. By examining these transformative
features alongside technological evolution patterns and industrial development requirements, we can further clarify the future
trajectory of this convergence. This provides directional guidance for the industry to overcome developmental bottlenecks
and achieve high-quality upgrading.

3.1 Core Transformative Characteristics of Artificial Intelligence in the Automotive Industry

3.1.1 Evolution of Competitive Focus: From Mechanical Performance Rivalry to Intelligent Technology
Competition

Traditional automotive competition centred on optimising core mechanical components like engines and gearboxes, with
technological barriers primarily in mechanical manufacturing. Differentiation stemmed from refined production processes
and breakthroughs in mechanical engineering. However, the deep integration of Al has fundamentally shifted the competitive
landscape towards rivalry in developing and integrating intelligent hardware and software—such as Al chips, high-
precision sensors, and autonomous driving algorithms. The pace of innovation and application effectiveness in intelligent
technologies now determine a company’s core competitiveness. Technical barriers have extended from traditional mechanical
manufacturing into the realm of intelligent software-hardware integration. Enterprises are significantly increasing investment
in intelligent technology R&D, concentrating on breakthroughs in core scenarios like autonomous driving and intelligent
cockpits. By leveraging intelligent technological innovation to build differentiated competitive advantages, they are
propelling the industry’s transition from the mechanical era to the intelligent era.

3.1.2 Ecological Framework Reconfiguration: From Single-Entity Competition to Multi-Stakeholder Synergy
The traditional automotive industry operated within a closed, vertically integrated competitive structure centred on vehicle
manufacturers, supported by upstream and downstream component suppliers. Development was primarily driven by
individual traditional automakers, characterised by distinct industry boundaries and limited collaboration. The penetration
of artificial intelligence has fundamentally disrupted this closed framework, making cross-sector integration the dominant
trend. This has progressively fostered an industrial ecosystem where diverse stakeholders engage in collaborative innovation
and symbiotic development. Established manufacturers leverage their manufacturing expertise and distribution networks to
focus on vehicle integration and scenario implementation; new entrants capitalise on agile operational structures to accelerate
intelligent technology adoption and product iteration; Tech giants such as Huawei, Baidu, and Xiaomi have entered the
arena through cross-sector collaboration, leveraging core strengths in Al algorithms, software development, and ecosystem
operations. This has fostered a synergistic model with traditional manufacturers characterised by “technology empowerment
+ manufacturing implementation”. Concurrently, diverse stakeholders including telecom operators, core component suppliers,
and service providers have deeply engaged, forming a collaborative ecosystem spanning the entire value chain from R&D and
production to sales and services. This has fundamentally restructured the industry’s competitive landscape and developmental
logic.

3.1.3 Dual Upgrades in Value and Standards: Establishing a Full Lifecycle Value System and New Standards
Framework

Artificial intelligence technology not only drives comprehensive extension of the automotive industry value chain but also
compels iterative upgrades to the industry’s standards system, providing essential support for healthy sector development.
Regarding the value chain, traditional automotive value creation was primarily concentrated in the core segments of vehicle
manufacturing and sales, with relatively limited value realisation methods. In the Al era, automotive value creation extends
beyond the product itself to encompass “mobility services + data services”, forming a value ecosystem spanning the entire
vehicle lifecycle—from R&D, production, and sales to usage and maintenance. Automakers are transitioning from one-
off product sales to sustainable service-based revenue streams by introducing novel service models such as autonomous
mobility services, vehicle subscription schemes, and data-enhanced services. This approach continuously extends the value

chain and expands the boundaries of value creation. Regarding standards frameworks, traditional automotive access criteria
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and safety regulations are no longer adequate for the developmental demands of intelligent connected vehicles. A new
standards system is accelerating its formation around core domains such as functional safety, data security, cybersecurity, and
accident liability allocation for intelligent connected vehicles. This system is progressively refining comprehensive standards
covering intelligent technology application, product access, and market regulation, serving as a crucial safeguard for driving
standardised, high-quality industrial development.

3.2 Future Development Trends in the Integration of Artificial Intelligence and the Automotive
Industry

3.2.1 Multi-dimensional Deepening of Technological Integration, Empowering Full-chain Innovation and
Upgrades

The convergence of artificial intelligence and the automotive industry will transcend the limitations of single-technology
applications, penetrating deeply across multiple technologies and domains to catalyse further innovations. The profound
integration of embodied intelligence with the automotive sector will significantly enhance vehicles’ environmental perception
accuracy, dynamic decision-making capabilities, and execution efficiency. This will enable vehicles to interpret complex
road scenarios with greater precision, adapt to users’ personalised intentions, and overcome core technological bottlenecks
in advanced autonomous driving. Generative Al will comprehensively cover the entire automotive lifecycle—from R&D
design generation and simulation optimisation, through production process parameter adjustments and quality inspection
upgrades, to after-sales service script customisation and precise fault diagnosis—achieving end-to-end efficiency gains and
cost optimisation. Concurrently, Al will integrate deeply with technologies such as new energy and blockchain, catalysing
diverse innovative applications. Examples include blockchain-based traceability and secondary utilisation systems for power
batteries, alongside Al-algorithm-optimised vehicle energy management systems. This convergence will propel the industry
towards synergistic intelligent and green upgrades.

3.2.2 Comprehensive Strengthening of Industrial Synergy to Enhance Overall Supply Chain Resilience
Industrial synergy will serve as the core driver for deep integration between artificial intelligence and the automotive sector,
with future collaboration expanding in scope and mechanisms becoming more refined. At the infrastructure level, establishing
a national V2X operator will effectively address current challenges of regionally fragmented roadside facility deployment and
high operational costs. This will enable centralised coordination of roadside infrastructure and cloud platforms, enhancing the
efficiency of vehicle-road-cloud collaboration. At the technological and ecosystem level, cross-industry technical alliances
will accelerate open-source ecosystem development, promoting unified standards for Al algorithms, interface protocols, and
data formats. This will dismantle technical barriers between enterprises, reduce collaboration costs, and elevate the sector’s
overall competitiveness. At the innovation and commercialisation level, an integrated ‘industry-academia-research-application’
innovation platform will be further refined. This will effectively consolidate the resource strengths of universities, research
institutions, enterprises, and markets, accelerating the commercialisation of Al technologies within the automotive sector.
Key efforts will focus on overcoming core technological shortcomings, enhancing the industry chain’s self-reliance and
controllability, and establishing an autonomous, efficient industrial collaboration ecosystem.

3.2.3 Diversified Scenario Applications with Concurrent Security System Enhancements

The dual-pronged approach of expanding application scenarios and refining security systems will propel the standardised and
scaled development of the intelligent vehicle industry. Regarding application scenarios, autonomous driving technology will
transcend its current limitations to passenger vehicles, gradually extending to multiple vehicle types and scenarios such as
buses, taxis, logistics vehicles, and sanitation trucks. Initial large-scale implementation will occur in controlled environments
like enclosed campuses, ports, and mining areas, before progressively expanding to urban open roads and inter-city highways.
This will achieve comprehensive intelligent upgrades for both passenger transport and industrial logistics. Concurrently, the
deep integration of intelligent connected vehicles with smart city development will foster novel application scenarios such
as integrated vehicle-city systems, intelligent traffic dispatch, smart parking, and unified mobility services, thereby enriching
the industry’s developmental landscape. Regarding security safeguards, Al security technologies will undergo synchronous

iterative upgrades. Through multiple technical measures including algorithm verification, data encryption, vulnerability
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detection, and intrusion prevention, a comprehensive security protection system spanning the entire chain—from chips
to algorithms, software, data, and the cloud—will be established to mitigate technological application risks. Moreover,
functional safety and expected functional safety assessment frameworks for intelligent driving will be further refined.
Establishing scientific, implementable safety evaluation standards and procedures will ensure the safety and reliability of

intelligent driving technologies, providing robust security underpinnings for expanding application scenarios.

4.Challenges and Recommendations for the Convergence of Artificial Intelligence
and the Automotive Industry

The deep integration of artificial intelligence and the automotive industry, while catalysing technological innovation and
model upgrades, also faces multidimensional constraints. These include technical bottlenecks, industrial barriers, institutional
lag, and insufficient user adaptation. Such challenges arise from multiple divergences: the pace of technological iteration, the
foundational level of industrial development, the degree of institutional alignment, and varying levels of user acceptance. This
paper systematically analyses the practical challenges encountered during their integration process from four core dimensions:
technology, industry, systems, and users. It proposes targeted breakthrough pathways and optimisation recommendations,
thereby providing theoretical underpinnings and practical guidance for the deep coupling and high-quality development of
artificial intelligence and the automotive industry.

4.1 Technical Aspects: Prominent Core Bottlenecks and Insufficient Adaptability

Advanced autonomous driving technology continues to face core bottlenecks, with urgent breakthroughs required in
environmental perception accuracy and decision-making capabilities for complex scenarios. Particularly in long-tail
scenarios such as roadworks, extreme weather, and sudden traffic incidents, issues like inadequate sensor fusion precision
and insufficient decision algorithm robustness become pronounced, hindering the achievement of stable and reliable
autonomous driving experiences'”. Al model training commonly faces challenges of insufficient effective samples from
real-world scenarios and inconsistent quality of multi-source data. Concurrently, pressures regarding data security and user
privacy protection continue to intensify. Striking a dynamic equilibrium between cross-scenario, cross-entity data sharing and
security compliance has become a key constraint for technological implementation””. The “vehicle-road-cloud integration”
collaborative technology system remains immature, with a lack of unified standards for system architecture and technical
specifications. Differences in equipment interfaces and data formats across enterprises and regions impede collaborative
efficiency™.

To address these technical bottlenecks, the following development recommendations are proposed: Firstly, focus on
breakthroughs in core technologies by increasing investment in algorithmic research for advanced autonomous driving
scenarios. Prioritise enhancing the robustness of sensor fusion techniques and decision algorithms in long-tail scenarios.
Combine simulation testing with real-world road trials to improve technological stability and reliability. Second, refine the
data support framework by establishing cross-entity, cross-scenario data sharing platforms. Implement unified standards
for data collection, cleansing, and annotation to expand the volume of effective real-world samples. Concurrently, employ
encryption techniques and privacy computing to achieve a dynamic equilibrium between data sharing and security protection,
thereby resolving data governance challenges. Thirdly, advance standardisation of “vehicle-road-cloud integration”
technology. Collaborate with industry associations and leading enterprises to formulate unified system architecture, interface
protocols, and data format standards. Facilitate technical compatibility across different entities and regions, enhance
collaborative operational efficiency, and accelerate the large-scale implementation of technologies.

4.2 Industrial Level: Insufficient Collaboration and Imbalanced Development

The bottleneck issue concerning core components persists, with low domestic production rates for high-end automotive-grade
Al chips, lidar systems, and high-precision sensors. Reliance on imports creates supply chain risks””. Barriers to industrial
chain coordination persist, with significant disparities among entities in digital maturity, data standards, and system interfaces.
The absence of unified mechanisms for cross-entity data sharing and operational integration incurs high costs, hindering
the effective implementation of Al solutions”. There is insufficient alignment between Al technology supply and industrial

application requirements. General Al enterprises lack deep understanding of automotive industry characteristics such as R&D
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processes, production rhythms, and marketing services, rendering their technical solutions difficult to implement directly.
Meanwhile, traditional automakers lack core capabilities in algorithm development and data governance, with neither side
having established efficient joint R&D or technology transfer mechanisms. Concurrently, uneven intelligent development
within the industry has become pronounced. While large vehicle manufacturers and leading component suppliers can
systematically advance Al applications leveraging financial and technological advantages, numerous small and medium-
sized supporting enterprises face constraints in funding, technology, and talent. Their weak digital foundations prevent them
from providing high-quality data support for Al models, creating an “intelligentisation gap” that reduces the collaborative
upgrading efficiency across the entire supply chain.

To address these prominent industry challenges, the following recommendations are proposed: Firstly, strengthen independent
R&D of core components by increasing financial and policy support for critical areas such as high-end automotive-grade Al
chips and lidar. This will foster domestic leaders in core components, drive domestic substitution of key parts, and reduce
supply chain dependency and risks. Secondly, refine industrial chain coordination mechanisms by establishing cross-entity
collaboration platforms. Standardise data protocols and system interfaces, implementing mechanisms for data sharing,
operational linkage, cost allocation, and value distribution to dismantle coordination barriers and enhance end-to-end
efficiency. Thirdly, facilitate precise alignment between technological offerings and application scenarios. Encourage joint
R&D platforms between Al firms and traditional automakers to deepen Al enterprises’ understanding of automotive industry
contexts, thereby accelerating the integration of general-purpose technologies with sector-specific applications and expediting
technology commercialisation. Fourthly, address uneven industrial development by increasing support for small and medium-
sized supporting enterprises. Provide technical guidance, financial subsidies, and talent training to advance the digital
transformation of SMEs, narrow the “intelligentisation gap”, and elevate the overall intelligentisation level of the supply
chain.

4.3 Institutional Level: Outdated and Incomplete Systems with Insufficient Adaptability

The existing institutional framework lags behind the pace of development in intelligent connected vehicles and Al technology,
with critical regulations lacking or containing ambiguities. The liability determination mechanism for autonomous driving
remains unclear. In the event of accidents involving Level 3 or higher autonomous driving, there is a lack of clear and
unified legal basis for delineating responsibilities among drivers, vehicle manufacturers, and technology providers, making it

31 o . .
B Data governance frameworks remain incomplete, with core rules

difficult to define the boundaries of rights and obligations
concerning cross-border data flows, ownership attribution, and security assessments yet to be systematically established. This
not only restricts the compliant circulation of data assets but also hinders the adequate safeguarding of data security and user
privacy. Concurrently, supporting systems for intelligent connected vehicle market access management, safety testing and
certification, and specialised insurance lag behind, failing to align with the pace of technological iteration and commercial
deployment. These compliance barriers constrain the large-scale promotion and deep application of Al-related technologies
within the automotive industry”?.

To address these institutional shortcomings, improvements are recommended across four key areas: Firstly, refine the
legal framework for liability determination in autonomous driving, clarifying the boundaries between human intervention
and system autonomy in Level 3 and above scenarios. Establish detailed standards for allocating responsibility among
drivers, vehicle manufacturers, and technology providers, introducing actionable adjudication rules to foster stable market
expectations and risk constraints; Second, strengthen data governance rules by expediting core regulations on cross-border
data flow controls, data ownership attribution, and data security assessments. Establish a comprehensive data lifecycle
governance framework that balances data circulation efficiency with security and privacy protection; Thirdly, ensure
institutional frameworks evolve in tandem with technological progress. Streamline market access procedures for intelligent
connected vehicles, establish safety testing and certification standards compatible with smart technologies, refine specialised
insurance products and claims mechanisms for intelligent vehicles, and remove compliance barriers to provide institutional

safeguards for large-scale technological deployment. Fourthly, strengthen cross-departmental regulatory coordination.

Establish collaborative oversight mechanisms involving transport, industry and information technology, public security,
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and cyberspace administration authorities to accommodate cross-sector industrial integration and standardise industry
development practices.

4.4 User Level: Insufficient Cognitive Alignment, Acceptance Requires Enhancement

Cognitive biases and inadequate capability alignment persist. Firstly, user perceptions of intelligent technologies exhibit
polarisation: some users place excessive trust in intelligent driving systems, overlooking functional boundaries and usage
limitations, leading to non-compliant operations and over-reliance on the system; conversely, others refuse to utilise
intelligent features due to safety concerns, hindering market adoption. Secondly, drivers’ emergency response capabilities
are inadequate. The “human-machine co-pilot” mode of higher-level autonomous driving requires drivers to respond swiftly
and handle unexpected situations when the system requests takeover. However, the current driving licence assessment system
lacks relevant training and testing for intelligent driving systems. Consequently, drivers’ emergency operational capabilities
struggle to keep pace with technological advancements, increasing safety risks"". Thirdly, there exists a tension between user
privacy protection demands and technological application. Users desire the convenience offered by intelligent technologies
while simultaneously harbouring concerns about the excessive collection and potential misuse of personal driving and
behavioural data. This conflicting mindset impacts user acceptance of intelligent vehicles.

Recommendations addressing user-level concerns include: Firstly, enhancing user guidance and public awareness campaigns.
Through industry exhibitions, media outreach, and offline experiences, objectively disseminate the functional limitations,
usage protocols, and safety advantages of technologies like intelligent driving and smart cockpits. This will correct user
misconceptions and foster rational, regulated adoption of intelligent technologies. Secondly, refine driver training and
assessment systems by incorporating smart driving system operation protocols and emergency response procedures into
driving licence training and examinations. This will enhance drivers’ emergency response capabilities in human-machine
co-pilot scenarios, thereby mitigating safety risks. Thirdly, strengthen user privacy protection by regulating corporate data
collection, storage, usage, and accountability mechanisms for breaches. Clarify the scope and purpose of data collection to
safeguard users’ rights to informed consent and choice. Employ technical safeguards and institutional constraints to alleviate
privacy concerns, thereby increasing user acceptance and trust in intelligent vehicles and facilitating the market-driven

adoption of these technologies.

5.Conclusion

The deep integration of artificial intelligence with the automotive industry has permeated every stage of the industrial chain,
from research and development to design, production and manufacturing, supply chain management, and marketing services.
This convergence has profoundly transformed the traditional automotive sector’s technological framework, production
models, and value creation logic. By examining practical applications across the entire chain, this analysis systematically
presents the transformative characteristics at the industrial level alongside real-world challenges across technological,
industrial, institutional, and user dimensions. The findings demonstrate how intelligent transformation enhances industrial
efficiency and expands value creation while identifying key bottlenecks currently hindering deeper integration. As the core
driving force, artificial intelligence not only propels the industry towards intelligent, collaborative, and service-oriented
evolution but also serves as a pivotal enabler in reshaping the global automotive industry’s competitive landscape and
developmental trajectory.

Overall, the deep integration of artificial intelligence with the automotive industry represents an inevitable trend in global
industrial upgrading and presents a strategic opportunity for China to transition from a major automotive nation to a leading
automotive power. Despite ongoing challenges, continuous technological iteration, collaborative ecosystem development, and
institutional refinement will inevitably propel the automotive sector towards higher-quality, more sustainable development.
Moving forward, efforts should focus on deepening the innovative application of Al technologies within the automotive
sector. This involves fostering deep integration across industrial, innovation, capital, and talent chains to propel the industry
towards a new phase of intelligent, green, and high-end development. Such endeavours will contribute Chinese wisdom and

solutions to the global automotive industry’s intelligent transformation.
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