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Abstract Autonomous driving technology, based on advancements in Al, machine learning, sensors,
high-precision mapping, and V2X communication, enables vehicles to drive independently without
human intervention. This technology is classified into SAE levels O to 5, with levels 4 and 5 representing
full automation, offering societal benefits such as reduced traffic accidents and improved mobility
efficiency. XR technology, encompassing VR, AR, and MR, holds significant potential to revolutionize
the user experience(UX) in autonomous vehicles. While AR-based navigation and safety alert systems
are currently utilized, higher levels of automation will require passenger-centric immersive interfaces
and real-time data processing. Achieving this necessitates the integration of various technologies,
including LiDAR, RADAR, Al, and 5G/6G communications, alongside the resolution of ethical and legal
challenges. This paper discusses the key technologies of autonomous driving and XR for future mobility

innovation.
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(Table 1) Comparison of autonomous driving phases
Level Name Driver's Role Auto. Level Features
0 No Auto All tasks performed None The _drlver is responsible for all vehicle controls (acceleration, steering,|
by the driver braking, etc.).
1 Driver tDa!\gr gs;zrn;ssggaw E?it:l Features like adaptive cruise control and lane—keeping assist operate|
Assistance - Y under limited scenarios.
assistance support
2 Partial Driver must remain attentive, system ftﬂ:&:gi Vehicle can control acceleration, braking, and steering in certain
Auto controls some tasks scenarios; driver must stay ready to intervene.
automated
3 Conditional Eﬁﬁmc;?;:ocl;so:ynits:? Conditional | Autonomous driving is possible in restricted scenarios (e.g., highways);
Auto : ’ self-driving | driver intervenes only in emergencies.
driver on standby
4 High ﬁzzteernl:grut!\i/ncsgr:rdﬂisorﬁ?ks IevHeIIg:eIf The system performs all driving tasks but operates only in specific
Auto . ! o areas or predefined conditions (e.g., designated zones or highways).
driver unnecessary driving
5 Full System fully controls all tasks Full self The vehicle is capable of handling all driving tasks in all environments|
Auto in all conditions; driver not required driving without human intervention.
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Technology Description Applications
AR Displays virtual information over the real world via HUD or | Navigation guidance, hazard alerts, repair assistance, and
wearable devices. maintenance manuals.
VR Create; a fully immersive virtual environment for simulation Driver training, vehicle prototyping, and autonomous driving testing.
and training.
MR Combines physical and virtual worlds to create interactive | Driving simulations, combining real-world driving with virtual
environments. overlays for testing.
loT & Collects real-time data via loT devices and sensors to Environmental monitoring, AR-enhanced navigation, and vehicle
Sensors integrate with XR systems. diagnostics.
LiDAR and Scans surroundings and detects objects for precise mapping| AR HUD overlays, obstacle detection, and VR environment creation
Cameras and real-world data integration. for simulations.
Cloud & Edge | Provides the infrastructure for real-time processing and XR | Real-time AR/VR content delivery and synchronization with
Computing content streaming. autonomous vehicle data.
. Generates tailored XR content and enables intelligent analysis| Personalized AR navigation, object recognition, and scenario-based
Al Integration . . - :
for dynamic environments. VR simulations.
5G Ensures low-latency and high-speed XR content streaming for| Real-time V2X communication, AR traffic management, and
Networks seamless experiences. autonomous driving support.
Digital Creates a virtual replica of physical environments for Vehicle design, maintenance planning, and traffic flow simulations in
Twin simulation and optimization. XR environments.
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(Table 3) Technologies for Autonomous Driving Levels 4 and 5

Category Key Technology Description and Role
LiDAR Uses lasers to create 3D maps and measure distances
Detects the distance and speed of objects; maintains reliable performance even in adverse weather
Sensor RADAR conditions
Tech.
Cameras Captures image data for object recognition, traffic sign, and signal detection
Ultrasonic Sensors Detects nearby objects for parking and avoiding close-range obstacles
Object Detgct\_on Identifies pedestrians, vehicles, and obstacles using deep learning
and Classification
Al Patth?Iannmg vand Determines optimal routes and adapts to traffic situations using reinforcement learning
Decision-Making
Scenario Prediction | Predicts the behavior of nearby vehicles and pedestrians to prevent collisions
) HD Maps Creates digital replicas of roads, including lanes, gradients, and signage
HD Ma.pp”.“g GPS and GNSS Provides real-time vehicle location and route guidance
& Localization
SLAM Allows vehicles to map their surroundings and localize themselves without pre-existing maps
Network & V2X Enables real-time data exchange between vehicles, infrastructure, and pedestrians
Communi. 5G Networks Provides ultra-low latency communication and high—-speed data transmission
High Edge Computing Processes data in real time within the vehicle, reducing network delays
Performance . . . .
Computing Cloud Computing Analyzes large—scale data and trains machine learning models
Safety and Fallu;s%?:;psonse Safely stops or redirects the vehicle in case of system errors or environmental changes
Reliabilit
v Cybersecurity Encrypts data and prevents hacking to ensure system integrity
AR Visually provides passengers with information about surroundings and destinations
User Voice Interface Understands and executes passenger commands in natural language
Experience !
Imme_rswe Offers VR/AR-based entertainment systems for passengers
Entertainment
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