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Personalized Smart Parking Autonomous
Driving System Based on Large Language Models
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Abstract

This study tackles the challenges of complex traffic conditions,
difficulty in locating suitable parking spaces, and pedestrian safety in
large-scale parking lots by proposing a comprehensive, personalized
intelligent parking system. The system integrates Large Language
Models (LLMs), Vision-Language Models (VLMs), pedestrian trajectory
prediction, autonomous driving, and intelligent battery management
to create a seamless and adaptive parking experience.

The workflow begins when a passenger provides voice input
indicating specific preferences—such as proximity to elevators or
requiring extra space for cargo or passenger access. These commands
are parsed by the LLM, which identifies the optimal parking location
and generates a navigation plan. Simultaneously, a 3D LiDAR sensor
constructs a point-cloud map of the environment. Hybrid A" path
planning is applied to determine a safe and efficient route to the
designated spot. The vehicle is controlled using a simplified bicycle
model paired with a Model Predictive Control (MPC) algorithm,
which adjusts steering and speed in real time.

For precise parking, on-board cameras use Canny edge detection and
Hough transform to identify parking space lines. A Proportional-Derivative
(PD) controller then fine-tunes the steering angle to align the
vehicle accurately, taking into account any personalized spacing
preferences based on the passenger’s physical size or cargo
dimensions as interpreted by the LLM.

The driver interface offers a real-time, intuitive visualization of the
system. We use the driving perspective to present our system, as shown
in Figure 3 below. On the left, a top-down view shows the planned
path and the vehicle’s real-time position as determined by LIDAR
localization. On the top right, the VLM collaborates with a pedestrian
intent prediction module. It uses OpenPose to extract human skeletal
keypoints and feeds them into a conditional variational autoencoder
(cVAE) to predict pedestrian movement. If a pedestrian’s future path is
likely to intersect with the vehicle’s trajectory and violates Euro NCAP
safety standards, the system automatically decelerates or applies
brakes to prevent collisions. The VLM also detects objects like
obstacles, signage, and structural boundaries, and the LLM uses this
contextual information to improve scene understanding and high-level
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decision-making. The system also accounts for environmental variables
such as lighting conditions, weather, and dynamic objects to adapt
driving behavior robustly.

In the bottom-right corner of the interface, a real-time Battery
Management System (BMS) display provides insights into vehicle
power conditions. A HIOKI LR8450 logger records voltage and current,
which are used by a linear regression model to estimate State of Charge
(SOC) and a Coulomb-counting algorithm to assess State of Health
(SOH). Users can view live SOC and SOH values, and the system issues
predictive maintenance alerts if battery degradation is detected,
extending battery life and preventing unexpected failures.

By leveraging the synergy between LLMs and VLMs, this system delivers
a highly intelligent and user-centric solution that reduces the time and
stress associated with parking, enhances pedestrian safety through
real-time behavior prediction, and ensures consistent electric vehicle
performance. The architecture is scalable to multi-level parking
structures, commercial complexes, and smart cities. It also prioritizes
data privacy by encrypting voice commands and LiDAR data, storing
only anonymized metadata for continual model improvement. Future
expansions may include in-app payment integration, parking reservations,
and multimodal mobility support (e.g., bike or scooter sharing). As the
system learns from user history and traffic patterns, it will offer
increasingly refined and context-aware parking recommendations.

Fig. 3 Driver’s-seat view of autonomous golf cart dashboard.




