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ABSTRACT

This review paper provides an in-depth review of the difficulties and approaches associated with
multi-object tracking, emphasizing parking violation and pedestrian detection systems. The article
examines the developments in Al-driven technologies, including YOLOvV8, Deep SORT, and
Hybrid-SORT, which have proven essential to enhancing tracking systems' effectiveness and
accuracy. By eliminating problems like incorrect parking and inefficient space utilization, these
solutions are essential for enhancing pedestrian safety at street crossings and optimizing parking
space utilization. In order to minimize traffic congestion, lower CO2 emissions, and enhance urban
mobility, the evaluation emphasizes the significance of implementing Al and tracking algorithms.
The conversation also emphasizes the need of ongoing innovation and the creation of affordable
alternatives to satisfy the ever-growing needs of urban settings. This study intends to assist future
research in improving monitoring and detecting algorithms, raising the visibility and efficiency of
parking facilities, and investigating probabilistic models by analyzing present approaches and
recommending areas for improvement. The development of smart cities ultimately depends on
improvements in multi-object monitoring systems, which lead to more secure, more effective
metropolitan areas and higher standards of existence.

Keywords: Parking Space Optimization, Object Detection, Hybrid Tracking Methods, Traffic
Congestion Reduction.

l. Introduction

Parking surveillance involves monitoring and managing parking spaces to optimize availability and
enhance user experience. It includes real-time detection of parking slot occupancy using advanced
technologies in India, parking has become a major issue due to the increasing number of vehicle
registrations and the rapid increase in vehicle ownership has led to parking problems in cities across
the country. To meet the parking demand, malls and convenience stores strive to effectively manage
the limited parking spaces available to the public. In a fast-paced environment like 7-Eleven, where
parking options are limited, it is crucial to record the parking time of each vehicle in the parking lot.
The issue of illegal parking has become a concern for convenience store managers and the public.
Parking violations include parking in restricted areas and exceeding the prescribed time limit.

Most current research focuses on helping drivers find parking spaces. Many models have been
developed to help drivers find nearby parking spaces in real time

Daily parking problems can be summarized as:

1. Lack of designated parking spaces in some buildings, resulting in insufficient parking spaces
for employees and visitors.

2. Traffic congestion caused by visitors looking for parking spaces.

3. Improper parking, where drivers do not use the parking spaces designated for them.[4]

4. This situation may occur in different locations,,such as parking lots with designated parking

spaceor public streets with specific parking regulations.

Effective solutions to these Challenges should be:

1. Implement dynamic parking allocation to reduce the shortage of available parking spaces.

2. Ensure that vehicles are parked in accordance with regulations and solve the problem of
illegal parking.[4]
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Parking surveillance systems employ various methods and technologies to monitor and manage
parking spaces efficiently.

Like CCTV camera, High-definition cameras, night vision capabilities, and video analytics software
for motion detection and license plate recognition (LPR). IoT Sensors for providing real-time data,
RFID (Radio Frequency Identification) technology for card readers, ticket dispensers, and automated
barrier mechanisms. Cloud computing, machine learning algorithms, mobile apps, and integrated loT
devices. Used for Integrated systems that combine multiple technologies to manage parking spaces,
monitor usage, and provide real-time data to users.[12]

Many tasks have been performing for any parking surveillance like classification, object detection
and object tracking.[15]

Object Detection:
Object detection identifies and locates objects within images or videos by drawing bounding boxes
around them. Common methods include:
. Traditional Methods: Haar Cascades and Histogram of Oriented Gradients (HOG) is used
for Early face detection, Pedestrian detection.
. Deep Learning-Based Methods:
o Convolutional Neural Networks (CNNs): General object detection.
o Region-Based CNN (R-CNN) & Fast R-CNN: Object detection in images and videos with
improved speed.
YOLO: Real-time detection with high speed and accuracy.
SSD & RetinaNet: Balancing speed and accuracy, addressing class imbalance.
Mask R-CNN: Combines object detection with instance segmentation.
Feature Pyramid Networks (FPN): Detects objects at different scales.
Detection Transformers (DETR): Simplifies object detection using transformers.
Edge Detection and Segmentation-Based Methods: Precise boundary identification.
bject Tracking:
Kalman Filters: Predict future positions.
Particle Filters: Handle non-linear tracking.
SORT & Deep SORT: Real-time tracking of multiple objects, enhanced with appearance
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Multi-Object Tracking (MOT): Monitors multiple objects simultaneously.

Optical Flow: Estimates motion vectors.

Mean-Shift & CAMShift: Tracks based on color and intensity.

Correlation Filters: Robust tracking under varying conditions.

Trackers with Deep Learning: Uses neural networks for accurate tracking.

Hybrid Methods: Combines techniques for better accuracy.

Background Subtraction: Detects and tracks moving objects by subtracting the background.
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1. Literature
Introduce a real-time illegal parking detection algorithm that leverages in-vehicle cameras, providing
a more cost-effective and adaptable solution compared to traditional methods like manual patrolling
and CCTV. The research includes the creation of a new dataset with over 10,000 labeled images and
a novel labeling technique called "minimal illegal units” to enhance detection precision. Tested in
Singapore, the algorithm showed robust performance across different lighting conditions. The study
underscores the potential of this method to improve urban traffic management, with future plans to
expand the dataset and incorporate advanced image enhancement techniques[1]

Review research on parking resource allocation, emphasizing challenges from urbanization and
increasing vehicle ownership. They highlight gaps in parking planning, particularly during the early
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stages, as prior studies have mainly focused on pricing, behavior, and reservation systems. Shared
parking is recognized as a strategy for optimizing existing spaces. The authors introduce a two-level
grid model to address demand-supply imbalances, aiming to minimize construction costs, shorten
user walking distances, and optimize parking allocation. The study leverages big data and machine
learning to enhance demand forecasting and resource management.[2]

In urban environments, it is essential to monitor and enforce parking time limits to keep order and
ensure the optimal management of parking spaces. As computer vision technologies have advanced
over time, many automated systems have utilized object detection and tracking algorithms to
successfully perform real-time monitoring and enforcement. The first talks about YOLO, which is a
series of convolutional neural networks, and how it has been gradually fine-tuned to the current state
it is in, with high accuracy and real time performance. The latest version, YOLOVS, is the most
recent iteration of the network, and delivers improved detection performance. Using YOLOvVS8 and
the combination of Deep SORT/OC-SORT with strong tracking algorithms can successfully monitor
and track vehicles to detect parking time violations.[3]

Neat parking management is crucial for urban mobility and the wellbeing of smart cities. Issues of
inefficiency, no access to real-time information, and manual monitoring are always present in
traditional parking management systems. Above problem can be solved by using a smart real-time
parking control and monitoring system which dynamically allocates parking slot as well as based on
current parking situation using our Al (Artificial Intelligence technology) based application, any
specific slot can be book. [4]

MOT (Multi-Object Tracking) approaches often rely heavily on strong cues like high-resolution
images and robust detection models. While effective, these methods can be computationally
expensive and may falter in environments with poor visibility or low-quality data. The introduction
of weak cues such as motion patterns, low-resolution images, and contextual information aims to
supplement strong cues, providing a more robust tracking system. Hybrid-SORT leverages these
weak cues to improve tracking accuracy and efficiency.[5]

Predicting pedestrian walking speed at street crossings is very important for improving traffic
control, pedestrian security, and city planning. This shapes the baseline architecture where addition
of state of the art computer vision techniques such as YOLOvV4 (You Only Look Once version 4) and
Deep SORT (Simple Online and Real-time Tracking with a deep association metric) provide a robust
framework for pedestrian tracking and estimating speeds at increasing real-time. This algorithm may
be implement able in Automated measurements system for pedestrian walking speed measurement at
one stage and two stage cross street crossing, As a top view captured image.[11]

A multilevel strategy, which integrates multiple techniques and levels of analysis, offers a robust
solution to these challenges by improving the precision and reliability of people tracking systems. By
integrating multiple levels of analysis and incorporating contextual information, this strategy
addresses the limitations of traditional methods and enhances tracking accuracy and reliability.
Continued research and development in this field promise further advancements, making people
tracking systems more effective and versatile across various applications.[12]

Efficiently manage the transfer and parking of cars within a parking lot to optimize for space
utilization, reduce congestion, and improve overall user satisfaction. Designing a reinforcement
learning-based intelligent to solved the problem by constructing a Markov decision process and
using a dynamic planning-based reinforcement learning algorithm (Deep Q-Networks (DQN),
Double DQN, or Proximal Policy Optimization (PPO) car transfer planning system for parking lots
involves several steps, from defining the problem to implementing and testing the solution.[13]

To better understand the work done in this filed a comparative study has been performed which not
only compare about the problems and proposed solutions but also enlist the advantage and
disadvantage of proposed solutions. It is shown in tablel.
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I11.  ANALYSIS

The parking management and object tracking strategies shown in the table each make use of distinct
techniques and approaches to solve certain problems. The examination highlights patterns and
similarities among the research as well as clear variations in their approaches and outcomes. We
understand that various sorting algorithms (Deepsort, OCsort, hybride sort, etc.) are used in
approaches for parking management, object tracking, detection, and classification. For object
tracking, YOLO technology such as YOLOV8, YOLOvV5, YOLOV4, etc., is used. For classification,
Kalman Filtering, window tracker, etc., is used. These approaches yield promising results, high
accuracy, robustness, and real-time performance. Other areas of emphasis include maximizing the
use of parking spaces through Al-driven dynamic slot allocation, 10T-based deep learning
techniques, and achieving high detection and classification accuracy while enhancing security.
Future work should focus on advance optimizing detection and tracking algorithms for diverse
conditions, expanding the application of probabilistic models in complex parking scenarios, and
exploring the integration of machine learning techniques to reduce dependency on labeled data.
Additionally, improving visibility and signage within parking facilities and reducing the
computational costs of these systems while maintaining high performance are critical areas for future
research.

IV.  Conclusion

Urban parking issues could be greatly resolved by utilizing artificial intelligence, parking system
advancements, and other technology. These solutions improve motor vehicle safety, decrease
emissions and traffic jams, offer immediate payment alternatives, and maximize space utilization.
Recent research demonstrates how useful innovations like object detection and tracking algorithms
like YOLOVS8 and Deep SORT are for keeping an eye on parking laws and time limits. The literature
highlights the necessity of ongoing technological advancement and integration to address issues such
inadequate visibility at crossings, ineffective manual controls, and pedestrian safety. Future studies
should concentrate on creating large-scale, inexpensive solutions, boosting the capability of
monitoring systems, and coming up with fresh approaches to effectively handle parking and
distribution. .. All things considered, smart parking systems are an essential part of the larger picture
related to urban connectivity and smart city development, and new developments have the potential
to significantly reduce parking congestion and improve the quality of life for users in urban settings.
In conclusion, smart parking systems are essential to the development of smart cities and urban
mobility, and ongoing advancements have the potential to further ease parking congestion and
enhance the general urban user experience
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