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Abstract. As the development of electrification, intelligence, and connectivity accelerates, smart cars
have become an important direction for the transformation of the global automotive industry. This
progress is thanks to the joint innovation of 3D printing technology, sensor networks, and artificial
intelligence algorithms.3D printing technology is beneficial to the rapid manufacturing and
customized production of auto parts. Sensor technology can accurately collect data and build an
environmental perception system. After intelligently realizing environmental perception, artificial
intelligence algorithms can make precise decisions. Studies have shown that the collaborative
development of these three key technologies not only helps accelerate the upgrading process of
intelligent vehicles but also plays an indispensable role in enhancing driving safety, saving energy,
reducing emissions, and meeting personalized needs, thus effectively promoting the sustainable
development of the intelligent vehicle industry. This thesis, based on the integration of the three
technologies of 3D printing, sensors, and artificial intelligence, elaborates in detail on the current
application status of these technologies in the field of intelligent vehicles and analyzes their future
development trends.
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1. Introduction

1.1. Intelligent Vehicle Development Background

As the global automobile industry undergoes major electrification, intelligentisation, and
connectivity integration [1]. Intelligent vehicles have now become an important direction for
promoting industrial transformation and upgrading, and their progress relies on the close integration
and joint innovation of multiple disciplinary technologies. Intelligent vehicles are a combination of
the traditional automotive industry and fields such as information science, materials science, and
artificial intelligence [2]. They not only retain the basic structure of automobiles but also have made
significant progress in environmental perception, decision-making control, and intelligent
manufacturing. In recent years, with the continuous development and breakthroughs in power
batteries, high-precision environmental perception, and vehicle-mounted chips, the automotive
industry is transforming from a simple "means of transportation" to an advanced "intelligent mobile
terminal” [3].

In this study, 3D printing can be used to quickly customize high-level parts, which improves the
freedom of design and the flexibility of production. The sensor system is the "eyes" of a car, and it
can create a powerful, multi-modal, and reliable environmental perception system [4]. Artificial
intelligence is used in cars for automatic perception, decision-making, and control of the entire
vehicle equipment. The integrated application of the three technologies can not only greatly shorten
the development and testing time of automobiles and reduce manufacturing costs, but also promote
the progress of the intelligent automobile industry, achieving breakthroughs in safety, energy
conservation, environmental protection, and personalized customization.
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1.2. Research Objectives and Significance

This paper aims to study the integrated application of three advanced technologies—3D printing
technology, sensor networks, and artificial intelligence algorithms—in the field of intelligent
automotive design. It elaborates on how 3D printing technology enables lightweight and customized
production of automotive components, how sensor technology constructs a vehicle environment
perception system, and how artificial intelligence algorithms realize autonomous driving decision-
making. Finally, the paper discusses how the collaborative application of these technologies promotes
progress and transformation in the automotive industry in aspects such as product design,
manufacturing, and user experience.

2. Relevant technical theories

2.1. The Application of 3D Printing in Automotive Component Manufacturing

In recent years, 3D printing technology, as an important technology in additive manufacturing, has
shown great innovative potential and application value in the manufacturing of automotive parts. The
working principle of 3D printing is to superimpose materials layer by layer, which can directly turn
computer-designed models into physical objects, thus breaking through the limitations of traditional
subtractive manufacturing. This technology not only makes complex shapes quickly but also makes
custom parts more efficiently and freely. This technology allows you to quickly make difficult shapes.
At the same time, it can improve how well you produce parts and how freely you can design custom-
made components because of the user-defined paths for the deposition of materials.

3D printing technology enables the manufacture of automotive components with intricate
structures, enhancing production efficiency while reducing component weight. For instance, the 3D-
printed aluminium alloy bracket in the BMW i8 employs a lattice structure design, achieving a 30%
weight reduction alongside a 25% increase in torsional stiffness [5]. Concurrently, through the
application of topology optimization algorithms and novel composite materials, vehicle body
lightweighting can be realised, thereby improving energy efficiency. Regarding personalized
customization, 3D printing technology caters to consumers' differentiated requirements. From an
environmental perspective, this approach reduces mould development stages and material wastage
while supporting the use of recyclable, eco-friendly materials. This significantly advances the
automotive industry's green transition and sustainable development.

2.2. The Application of Sensors in Intelligent Driving and On-Board Detection Systems

Sensors serve as the core components through which intelligent vehicles perceive their
surroundings and monitor their own status. Their technical performance directly influences the
decision-making accuracy and reliability of autonomous driving systems. As the central perceptual
elements of self-driving vehicles, sensors function as the vehicle's‘eyes’ and ‘ears. Within onboard
monitoring systems, sensors continuously collect real-time vehicle operating parameters and external
environmental data. Through an all-weather, omnidirectional environmental monitoring system, they
persistently gather diverse information from the road. These high-precision sensors can accurately
identify road obstacles, pedestrians, other vehicles, and various traffic signs and signals. They convert
physical quantities into processable electrical or digital signals, providing real-time and reliable
environmental perception data for the vehicle's decision-making and control systems [6]. Within
intelligent driving systems, sensors not only perform fundamental data acquisition functions but also
participate deeply in system-level intelligent processing.

In terms of type, intelligent car sensors mainly include several major categories such as lidar,
millimeter-wave radar, cameras, ultrasonic radar, and inertial measurement units. Table 1 lists in
detail the commonly used sensor types for intelligent cars and their specific application scenarios.

489



Highlights in Science, Engineering and Technology AMCCE 2025
Volume 160 (2025)

Table 1. Sensor Types and Application Scenarios in Intelligent Vehicles

Sensor Type Function Application Scenario
. Accurate acquisition of three- Environmental modelling in complex road
LiDAR . . . ... . .
dimensional environmental contours conditions, precise obstacle localisation
Millimetre-wave | Penetrate adverse weather conditions to | Detection of obstacles in inclement weather such
radar identify obstacles as rain and fog

Traffic light recognition, pedestrian facial feature

Camera Capture intricate visual details ) .
capture, road marking recognition
. Detect nearby Close-range obstacle detection during reversing,
Ultrasonic sensor . . .
objects parking assistance
Temperature Monitor component temperature Temperature monitoring of key_components such
sensor as the powertrain
Pressure Monitor component Brake system and hydraulic system pressure
sensor pressure monitoring

2.3. The Role of Artificial Intelligence in Perception, Decision-Making and Control

The application of artificial intelligence technology in the field of intelligent vehicles has
penetrated the three core elements of perception, decision-making and control. Leveraging deep
learning and big data analytics, it has enabled intelligent environmental understanding, traffic
assessment and vehicle operation [7]. As shown in Table 2, the core technologies employed by
artificial intelligence within the perception, decision-making and control processes of intelligent
vehicles, along with their respective functionalities, are outlined below.

Table 2. The Application of Artificial Intelligence in the Perception, Decision-Making and Control
Processes of Intelligent VVehicles

Application phase Core technology Implementation of functionality
Percention Convolutional neural Enhance the accuracy of identifying dynamic obstacles,
P networks, big data analytics road signs, and weather conditions

Mixture of Experts (MoE) | Multi-scenario adaptive processing dynamically allocates
Decision-making architecture, distributed |computational resources to generate optimal path planning
computing solutions.
Precisely control vehicle acceleration, braking, steering
and other operations in accordance with decision-making
instructions.

Deep learning algorithms,

Control .
real-time control models

3. Research on the Implementation of Converged Applications

3.1. The Application of Sensors in Intelligent Driving and On-Board Detection Systems

In the field of intelligent vehicle manufacturing, the integrated design of 3D printing and sensor
modules leverages the customizable and unified characteristics of 3D printing to overcome the
limitations of traditional sensor assembly, thereby supporting vehicle safety and intelligent driving.

From a design perspective, 3D printing enables the customized construction of sensor module
mounting structures and housings tailored to the complex internal spaces and functional requirements
of automobiles. For instance, in the confined spaces of specific vehicle models, 3D printing
technology can produce precisely shaped sensor brackets that achieve accurate installation while
circumventing the spatial limitations inherent in traditional manufacturing methods.

At the level of the manufacturing process, the binding of the sensor with another component has
improved due to the 3D printing technology. Using this technique allows you to combine several
sensors: for example, using pressure and temperature sensors in the same module reduces wiring and
connection points. It enhances the system's reliability and diminishes the risk of faults due to complex
circuitry. Moreover, you can use 3D printing for sensor housing. Moreover, manufacturers can create
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complex shapes that are essential for aerodynamic efficiency to reduce noise and drag. Thus, the
overall performance of the vehicle enhances.

In terms of material selection, 3D printing technology is able to use a wide variety of materials.
High-strength lightweight alloy materials can be used to design the sensor module frame. Thus, strong
and light-weight frames can improve the vehicle’s energy efficiency. In addition, using materials with
special electrical properties to print sensor contact points helps to ensure stable signal transmission.

3.2. Synergistic Perception and Data Processing of Sensors and Al Algorithms

In intelligent vehicles’ manufacturing, Al algorithm-sensor coupling is a core component for
autonomous driving and safe operation [8]. Sensors function as the car’s ‘eyes and ears’ which work
together with various devices such as lidar, millimetre-wave radar, cameras, and ultrasonic sensors,
etc to get real-time information regarding the surrounding environment of the vehicle [9]. LIDAR can
accurately measure the shape of a three-dimensional environment, millimeter-wave radar can
penetrate and identify obstacles in bad weather, cameras can capture delicate visual details, and
ultrasonic sensors can detect nearby objects. All this information together forms a multi-dimensional
raw data stream.

These two systems work together and can easily handle complex road conditions. When the sensor
detects a suddenly appearing obstacle, the Al algorithm can integrate the information collected by
multiple devices almost instantly. This rules out mistakes from single sensors (like cameras seeing
shadows as obstacles) and quickly gives commands (like braking or avoiding). At the same time, the
technologies that enhance perception ability in extreme scenarios, whether rainstorm operation or
night-time driving, continue to learn and optimize, thus providing a powerful technological guarantee
for the safe operation of intelligent vehicles.

Table 3 details the collaborative workflow between sensors and Al algorithms, encompassing five
stages: data acquisition, pre-processing, feature extraction, fusion decision-making, and feedback
optimisation.

Table 3. Sensor and Al Algorithm Collaborative Workflow

Collaborative phase

Sensor Functionality

Al Algorithm Work Content

Output results

Data collection phase

Various types of sensors
synchronously collect data on
roads, vehicles, pedestrians,
and other elements.

Receive real-time data from multiple
sensor sources and establish a data
cache pool.

Untreated raw
environmental data

Data preprocessing
stage

Continuous data transmission,
with some sensors
incorporating basic filtering
capabilities.

Execute data cleansing algorithms to
eliminate noise (such as fogging
interference from cameras during

rainy weather)

Standardised data after
denoising

Data Fusion Analysis
Phase

No additional operations,
maintain stable data
transmission

Execute feature extraction algorithms
(such as extracting pedestrian
contours, traffic light colors), and use
deep learning models (convolutional
neural networks, Transformer

Target recognition
results (such as
pedestrian and vehicle
positions), target
motion trajectory

Stage

None

architecture) for scene understanding. prediction
Integrate analysis results, exclude
Decision Output single sensor misjudgment, generate Specific driving

braking, avoidance and other decision
instructions

control instructions

3.3. The Application of 3D Printing in Rapid Prototyping and Lightweight Design for

Intelligent Vehicles

In the field of intelligent vehicle manufacturing, 3D printing has become a core technological pillar
for rapid prototyping and lightweight design due to its flexible and efficient characteristics. In rapid
prototyping, 3D printing overcomes the time constraints of traditional mould manufacturing by
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swiftly producing automotive components. This enables engineers to shorten validation cycles and
significantly boost production efficiency [10]. Taking radar housing prototypes for intelligent driving
systems as an example, iterative printing rounds for structural detail optimisation can reduce
development cycles by over 50%, markedly lowering trial-and-error costs. In lightweight design, 3D
printing enables customized manufacturing where ‘form follows function’. Utilising hollowed-out or
lattice structures generated by topology optimisation algorithms reduces material usage while
maintaining component strength. Typical applications of 3D-printed lightweight components are
shown in Table 4, clearly demonstrating their weight reduction benefits and performance advantages:

Table 4. Table of Application Cases for 3D-Printed Lightweight Automotive Components

Component Name | 3D printing materials we|ghfc loss Core Performance Advantages Appllcafuon
ratio Scenarios
Body chassis Aluminum alloy on_acos. | IMpact strength increased by 15%,
bracket powder (SLM process) 30%-~35% fatigue resistance increased by 20% Body structure
Power battery pack Carbon fiber 2506~30% Improved heat dissipation efficiency| Power battery
casing composite material by 20%, flame retardant grade V-0 | system protection
Intelligent Sensor Nylon + Glass Fiber | 40%6~45% Temperature range: -40<C to 80T, |Laser radar_/camera
Bracket shock resistance mounting
Titanium alloy powder| ,-,, ,~.,. | Increased load-bearing capacity by Seat support
Seat frame (SLM process) 35%~40% 10%, ergonomically designed structure

4. Intelligent Vehicle Design Case Analysis

4.1. Huawei Intelligent Car Design

Huawei's intelligent vehicle design integrates cutting-edge technology with innovative concepts,
centring on user needs to deliver a driving experience that is both intelligent and human-centric.
Externally, flowing lines and sculptural forms define the aesthetic, with select models featuring a
closed-off front fascia paired with a continuous light strip. This minimalist approach showcases
technological elegance, while concealed door handles enhance overall visual appeal and effectively
reduce aerodynamic drag.

The interior design prioritises luxury and intelligent interaction. Extensive use of premium soft-
touch materials, real wood and metal accents delivers both tactile and visual appeal. Centred around
a large high-definition central display, the vehicle features the HarmonyOS intelligent cockpit system.
Operation is exceptionally smooth, enabling seamless connectivity with Huawei smartphones and
other smart devices for multi-device collaboration. This empowers users to enjoy a convenient and
intelligent ecosystem.

Intelligent driving stands as the highlight of Huawei's automotive design. Equipped with advanced
sensors such as lidar, millimetre-wave radar and cameras, it forms a precise perception system.
Combined with powerful algorithms, this underpins high-level intelligent driving assistance functions
like intelligent pilot assist for motorways and urban areas. This significantly enhances driving safety
and convenience, redefining the motoring experience.

4.2. N1O Design Innovation

NIO's design philosophy centres on simplicity, technology and warmth, striving to create premium
electric vehicles that seamlessly blend human-centric design with intelligent technology. Externally,
the signature X-bar front fascia features distinctive split headlights for high recognizability. Fluid yet
powerful lines complement the flush-mounted door handles that integrate seamlessly with the
bodywork, reducing aerodynamic drag while enhancing overall aesthetics.

For interior design, NIO focuses on being green and good touch. It uses many renewable materials
and natural fibres to create a comfortable and natural driving environment. The smart cockpit system
supports voice interaction, face recognition, and gesture control. It works with an in-car Al assistant
that learns user preferences to give personal service.
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In smart driving, NIO uses its NAD self-driving technology with the Aquila super sensing system.
This has 33 sensors including lidar and cameras, plus strong computing chips for precise environment
sensing. The NIO Autopilot function gives a safe and convenient assisted driving experience. It works
very well on motorways and for parking, showing NIO's deep technical skill in smart vehicle design
innovation.

5. Conclusion

With the continuous breakthroughs in intelligent automotive technology, the future development
trend will place greater emphasis on the in-depth integration of intelligentization, connectedness, and
electrification. From a design perspective, it is essential not only to balance aesthetics and
functionality in both exterior and interior design, but also to pursue continuous innovation in core
technologies such as intelligent driving and smart cockpits, thereby enhancing user experience and
safety. The design practices of Huawei and N1O demonstrate that through coordinated optimisation
of hardware and software, multi-sensor fusion perception, and efficient computing power support,
intelligent vehicles can significantly enhance their adaptability across all scenarios.

Looking ahead, as artificial intelligence continues to achieve new breakthroughs in algorithm
optimisation and data processing capabilities, 5G communication networks steadily expand their
coverage while enhancing transmission speeds and stability, and edge computing technology matures
further in reducing latency and boosting data processing efficiency, the intelligent vehicle sector is
poised for profound transformation. Intelligent vehicles will transcend current autonomous driving
capabilities, advancing towards higher levels of automation. They will achieve greater precision in
recognizing complex road conditions and respond more efficiently to unforeseen events, thereby
delivering safer, more efficient, and smarter driving experiences.
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