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The rapid urbanization and motorization of global cities have rendered traditional
static parking management frameworks increasingly inadequate, contributing to traffic
congestion, economic inefficiency, and environmental degradation. This
comprehensive review examines the paradigm shift from conventional parking systems
to Artificial Intelligence-driven Smart Parking Systems (SPS) and their integration into
urban policy planning. The paper systematically analyzes the technical architecture of
SPS, encompassing multi-tiered sensor networks including inductive loops,
magnetometers, computer vision, and millimeter-wave radar alongside
communication protocols such as LoRaWAN and 5G networks. A critical examination
of dynamic performance-based pricing mechanisms, grounded in behavioral economics
and Pigouvian principles, demonstrates how maintaining 60-80% occupancy rates
effectively eliminates cruising traffic. Empirical evidence from the SFpark pilot project
reveals significant outcomes: 31% improvement in target occupancy achievement, 12%
reduction in parking search times, and 30% decrease in daily greenhouse gas
emissions. The review further explores Al's transformative role in urban policy through
Digital Twin frameworks and generative analytics, enabling predictive spatial modeling
and evidence-based curb-space reallocation. Legal and ethical dimensions are
addressed through the European Union's Al Act framework, establishing risk-based
governance tiers for public-space Al deployment. Despite technical challenges including
sensor reliability and data security, emerging solutions such as blockchain integration
and Vehicle-to-Everything communications present promising pathways. This review
concludes that Al-enabled smart parking represents a critical component of sustainable
urban mobility, offering municipalities data-driven tools to optimize spatial resources
while balancing efficiency gains with privacy protections and social equity
considerations.
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Introduction

Accelerating global urbanization and motorization have made urban curb space one of the most contestable and mismanaged assets
in modern civil infrastructure. Traditional parking frameworks, reliant on fixed-rate pricing structures and manual enforcement,
are ill-equipped to address dynamic urban travel demands. This imbalance generates extensive traffic congestion, economic
inefficiency, and environmental degradation (Millard-Ball et al., 2021). Empirical transportation studies demonstrate that drivers
searching for parking commonly termed "cruising" account for 30% to 50% of total peak-period traffic in dense urban centers,
with average search times ranging between 3.5 and 14 minutes per trip. This unnecessary circulation exacerbates vehicle miles
traveled (VMT), fuel consumption, local air pollution, and carbon emissions (Pierce & Shoup, 2013).

The transition from static parking management to Al-driven Smart Parking Systems (SPS) represents a paradigm shift in urban
transportation policy. Historical parking interventions evolved from basic mechanical meters introduced in the 1930s to electronic
meters in the 1980s, and eventually to early sensor-based detection networks at the turn of the 21st century (Geng & Cassandras,
2012). Today, the integration of Artificial Intelligence (AI), the Internet of Things (IoT), edge computing, and real-time predictive
analytics allows municipal authorities to transform parking from a static spatial allocation challenge into a dynamic, demand-
responsive mobility network. Reflecting this technical transition, the global market for smart parking systems is projected to expand
from USD 5.3 billion in 2022 to USD 21 billion by 2030, representing a robust compound annual growth rate (CAGR) of 18.47%
(Lee et al., 2022).

Integrating Al into smart parking management bridges municipal operational technology and overarching urban policy. Beyond
easing localized parking searches, Al-enabled SPS platforms generate granular spatio-temporal datasets. When fed into urban
planning engines, these data streams inform zoning reforms, public transit alignment, emission-reduction strategies, and digital
twin modeling. However, deploying these ubiquitous sensing networks within public spaces introduces regulatory, technical, and
ethical complexities. Modern urban policy planning must balance the efficiency gains of real-time spatial optimization against
stringent data privacy regulations, such as the European Union’s Artificial Intelligence Act (Al-Turjman & Malekloo, 2019).

Technical Architecture and Data Sensing Ecosystems

Smart Parking Systems operate on a multi-tiered architecture comprising hardware sensing modalities, networking middleware,
edge-cloud compute environments, and algorithmic inference engines. Synthesizing real-time physical space occupancy into
actionable urban planning intelligence requires robustness across every tier of this technical stack (Marsden, 2006).

Figure 1: Architectural Workflow and Data Processing Pipeline of an M2M-Enabled Intelligent Urban Mobility Ecosystem
for Dynamic Parking and Access Control
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Sensor Hardware and Perception Layers

At the physical perception layer, vehicle detection relies on an array of intrusive and non-intrusive sensor technologies. Intrusive
sensors, such as Inductive Loop Detectors (ILD) and in-ground Magnetometers, offer direct physical vehicle detection.
Magnetometers measure localized distortions in the Earth's magnetic field caused by the ferrous mass of an entering vehicle. While
highly accurate and energy-efficient, in-ground sensors require road surface cutting, making them vulnerable to street degradation
and costly to maintain (Arnott & Inci, 2006).

Non-intrusive sensors are mounted on existing urban infrastructure, such as streetlights, buildings, or utility poles. These include
Ultrasonic sensors, Infrared detectors, Radar (Radio Detection and Ranging), Photoelectric sensors, and Al-enabled Video Cameras
operating via Computer Vision (CV) algorithms. Optical camera systems leverage deep convolutional neural networks (CNNs) to
monitor broad vehicle zones simultaneously, enabling multi-space tracking and automated license plate recognition (ALPR) (Shoup,
2006).

However, optical systems struggle with environmental line-of-sight obstructions, lens contamination, and extreme weather
conditions like rain, fog, or snow. To overcome these single-source limitations, modern SPS deploy integrated sensor fusion
frameworks. Combining high-frequency radar which penetrates adverse weather with optical vision sensors managed by Al fusion
models produces superior spatial detection accuracy across variable urban environments (Lin et al., 2017).

Network Topologies, Edge Computing, and Middleware Integration

Data collected at the perception layer must be transmitted efficiently to centralized or distributed computing platforms. Modern
deployments utilize diverse wireless protocols tailored to specific latency, range, and power requirements, including 5G cellular
networks, Long Range Wide Area Networks (LoRaWAN), ZigBee, Dedicated Short-Range Communications (DSRC), and Wi-Fi
(Fahim et al., 2021).

To mitigate bandwidth congestion and transmission latency, smart city architectures increasingly deploy edge computing nodes
directly adjacent to physical sensor arrays. Edge nodes run compressed computer vision and anomaly-detection models locally,
processing raw video or radar telemetry on-site and transmitting only lightweight metadata such as binary occupancy states or
anonymized timestamps to central servers. This pipeline routes raw visual or telemetry signals through local feature extraction at
the edge, converting heavy data streams into compact metadata before reaching centralized Al analytical engines (Bibri & Krogstie,
2020).

At the city-wide platform level, open-source middleware architecture manages high-volume concurrent IoT telemetry streams. A
notable operational example is the Sentilo platform deployed in the Les Corts district of Barcelona. Monitoring over 500 street
spaces, Sentilo standardizes multi-sensor data streams and dramatically reduces network latency. Traditional smart parking
software suffered from signal transmission lags across wireless networks, causing app users to navigate toward spaces that had
already been occupied. Sentilo compresses this transmission latency to a few seconds, preserving data integrity for navigation
applications and municipal traffic control platforms (Lymperis & Goumopoulos, 2023).

Table 1: Comparative Analysis of Sensor Modalities and Communication Protocols in Smart Parking Infrastructures

Sensing / Networking Technology Operational Primary Strengths Technical Limitations &
Category Modality Mechanism Challenges
Intrusive Physical Inductive Electromagnetic field Exceptionally high High installation costs; road
Sensing Loop changes induced by vehicle presence surface damage; susceptible
Detectors metal vehicle mass detection accuracy to roadwork wear
(ILD)
Intrusive Physical Wireless Measurement of Low power consumption; Subject to structural
Sensing Magnetomete Earth's magnetic field multi-year battery life; electromagnetic
rs distortions hidden profile interference; costly
pavement retrofits
Non-Intrusive Spatial Computer CNN-based image Multi-space monitoring; Weather sensitivity; line-of-
Sensing Vision / CCTV  segmentation and ALPR capacity; utilizes sight occlusion; strict privacy

object classification

existing poles

constraints
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Non-Intrusive Spatial Millimeter- High-frequency Unaffected by weather, Higher hardware costs;
Sensing Wave Radar electromagnetic echo light, or environmental complex spatial calibration
reflection analysis conditions requirements
Wireless Protocols LoRaWAN Sub-GHz long-range Wide coverage radius; Extremely low  payload
low-power radio low power draw; ideal for bandwidth; higher latency
communication simple status bits than cellular networks
Wireless Protocols 5G  Cellular High-frequency multi- Ultra-low latency; High subscription overhead;
Networks band cellular massive data bandwidth; elevated operational power
infrastructure supports dense streams consumption

Dynamic Pricing Mechanisms and Behavioral Economics

Transforming physical parking sensors into an active management system relies on dynamic, performance-based pricing models.
Grounded in Pigouvian land-use economics and street-parking pricing theories established by Donald Shoup and William Vickrey,
dynamic parking management aims to optimize space utilization rather than maximize municipal revenue (Mackowski et al., 2015).

The Performance-Based Pricing Framework

The economic goal of performance-based curb management is to maintain a target occupancy rate of 60% to 80% on every street
block face. Achieving this target ensures that one to two parking spots remain vacant per block face at any given time. Maintaining
this operational buffer virtually eliminates cruising traffic, allowing drivers to park immediately near their destination (Tsai et al.,
2025).

Under a performance-based framework, pricing adjustments follow a clear logic based on observed block occupancy:

e  When block occupancy falls below 30%, hourly rates are lowered significantly (e.g., reduced by $0.50) to encourage
utilization.

e  When occupancy ranges between 30% and 60%, hourly rates are lowered moderately (e.g., reduced by $0.25).
e  When occupancy falls within the 60% to 80% target window, pricing remains unchanged.

e  When block occupancy exceeds 80%, indicating over-crowding, hourly rates are increased (e.g., raised by $0.25) to nudge
long-term parkers toward off-street facilities or alternative transportation modes.

When parking rates are set too low, demand spikes to 100% occupancy. Drivers then cycle through congested blocks seeking open
spots, generating external costs in wasted time, excess fuel burn, and heightened street risk. Conversely, excessively high prices
leave parking spaces underutilized, harming adjacent commercial businesses, depressing localized employment, and shifting
parking pressure into neighboring residential zones (Ulvi et al., 2026).

Dynamic pricing algorithms evaluate historical occupancy patterns alongside real-time data inputs including weather conditions,
local urban events, transit schedules, and time of day to automatically adjust meter rates. The responsiveness of parking demand
to these price adjustments is defined by the price elasticity of demand (¢), expressed mathematically as:

%A Occupancy Rate
" %A Parking Price

Across empirical urban transportation studies, the overall price elasticity of demand for curb parking averages approximately —0.4,
indicating an inelastic yet actionable consumer response. Elasticity varies significantly depending on location density, time of day,
trip purpose, and local public transit availability (Sutjarittham et al., 2020).

Empirical Insights: The SFpark Pilot Evaluation

The most comprehensive empirical demonstration of demand-responsive parking pricing is the federally funded SFpark project in
San Francisco. Managed by the San Francisco Municipal Transportation Agency (SFMTA) and supported by an USD 18 million grant
from the United States Department of Transportation’s Value Pricing Pilot Program, SFpark instrumented seven pilot zones with
street sensors and smart meters, keeping designated control areas for comparative evaluation (Pierce et al., 2015).
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Instead of applying rapid real-time rate oscillations which confuse drivers SFpark implemented systematic rate adjustments
approximately every six to eight weeks across 10 distinct rate adjustment cycles. Rate shifts followed a transparent, occupancy-
driven rule set:

Occupancy 80% - 100%: Hourly rate increased by $0.25.
Occupancy 60% - 80% (Target Zone): Hourly rate remained unchanged.
Occupancy 30% - 60%: Hourly rate decreased by $0.25.

Occupancy < 30%: Hourly rate decreased by $0.50.

Floors and Ceilings: Rates were bounded between a minimum of $0.25/hr and a maximum of $6.00/hr (Krishnamurthy & Ngo,

2020).

The empirical results of the two-year evaluation period revealed significant improvements in traffic management and urban
efficiency:

Target Occupancy Convergence: Time spent within the optimal 60%-80% target occupancy window grew by 31% in
pilot areas, compared to a modest 6% increase in control zones. In areas with high payment compliance, target occupancy
achievement increased by nearly 95%.

Mitigation of Over-Occupancy: The duration during which street blocks were overcrowded (90% — —100% occupancy)
dropped by 16% in pilot areas (and 45% in high-compliance pilot zones), whereas control areas saw a 51% increase in
over-occupancy (Demisch, 2016).

Reduction in Cruising Time and Distance: Difference-in-difference spatial regression models revealed that SFpark
reduced average parking search times by 12% and search distances by 10% relative to control areas.

Environmental Impact: Daily greenhouse gas (GHG) emissions generated by drivers searching for parking in pilot areas
fell by 30% (from 7.0 to 4.9 metric tons per day), compared to a minor 6% reduction in control zones (Ngo &
Krishnamurth, 2017).

Net Rate and Revenue Dynamics: Counter to public perception that performance pricing serves as a revenue tax, the
average on-street meter rate dropped by 4% (falling 11 cents from $2.69 to $2.58/hr). Concurrently, average rates in
municipal garages dropped by 42 cents (from $3.45 to $3.03/hr). Higher charges on overcrowded blocks were offset by
rate cuts on underutilized streets.

Transit Mode Substitution: Micro-level data merging meter pricing with transit bus ridership showed that peak-period
meter rate increases correlated with a statistically significant rise in local bus ridership, demonstrating direct mode-
substitution away from private driving when curb parking costs reflect true land value (Mohassel, 2017).

Table 2: Empirical Performance Metrics of SFpark Demand-Responsive Pricing Deployment

Analytical Specific Baseline State Post-Implementation Net Systemic Impact

Category Performance Index  (Pre-SFpark) State

Occupancy Target Range Low target 31% relative increase in Stable open spaces; eliminated

Metrics Achievement (60- stability target frequency localized block saturation
80%)

Occupancy Over-Occupancy High chronic 16% overall drop (45% in Block overcrowding reduced

Metrics Duration (>90%) congestion high compliance blocks) vs. +51% control area increase

Cruising Metrics  Average Parking High  baseline 12% net search time Direct driver time savings;
Search Time search time reduction diminished  urban  street

friction

Cruising Metrics  Average Search High VMT 10% net search distance Lower neighborhood VMT;

Distance Travelled dedicated to reduction reduced street intersection
search wear
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Environmental Daily Parking Search 7.0 metric tons/ 4.9 metric tons / day 30% direct reduction in daily
Metrics GHG Emissions day emissions (vs. 6% control)
Economic Metrics Average On-Street $2.69 / hour $2.58 / hour $0.11 average rate reduction;
Hourly Meter Rate disproved tax inflation fears
Economic Metrics Off-Street Garage $3.45/ hour $3.03 / hour $0.42 average rate reduction;
Hourly Rate redirected long-term stays off-
street

Al Integration in Urban Policy, Spatial Planning, and Digital Twins

As artificial intelligence systems mature beyond real-time occupancy updates, their primary value shifts toward predictive urban
policy planning and dynamic spatial modeling. Municipalities are increasingly leveraging deep learning models, Generative Al, and
spatial Digital Twins (DT) to simulate mobility policies before physical deployment (Bittencourt et al., 2026).

Figure 2: Technological Core Domains and Enabling Interdisciplinary Ecosystem of Next-Generation Parking 4.0 Systems.

” INTERNET OF o ‘ ARTIFICIAL
THINGS (loT) : INTELLIGENCE (Al)

Data
Acquisition

Predictive
Models

CLOUD MACHINE N
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Digital Twin Frameworks and Generative Analytics

A Digital Twin represents a real-time virtual counterpart of a city's physical transportation network. By integrating distributed data
streams from smart parking meters, license plate cameras, enforcement logs, weather APIs, and public transit schedules, digital
twins model the complex relationships governing urban spatial demand. This continuous feedback loop processes live urban inputs
into a virtual simulation engine, enabling city managers to evaluate structural policy changes dynamically (Kirwan & Zhiyong,
2020).

A notable deployment is the Digital Twin framework developed for the city of Caserta, Italy. The Caserta framework integrates IoT
sensor feeds with predictive machine learning models and Generative Al modules:

e  Predictive Analytics: Forecasting localized spatial parking demand hours or days in advance using historical occupancy,
local calendars, and meteorological data.

e  Generative Scenario Testing: Utilizing Generative Al models to construct synthetic, real-world "what-if" mobility
scenarios. Planners simulate how reallocating curb spaces to delivery zones, altering parking meter locations, or shifting
pricing boundaries affects city-wide traffic equilibrium without disrupting physical traffic flow.

e  Enforcement and Compliance Spatial Optimization: Predictive spatial modeling guides municipal parking enforcement
officers along optimized routing paths based on real-time violation probabilities, improving compliance while lowering
fuel use (Lartey & Law, 2025).

Curb-Space Reallocation, Housing Policy, and Equity

Integrating Al into urban policy challenges long-standing planning practices, particularly minimum parking mandates in municipal
building codes. Traditionally, urban policies forced residential and commercial developments to supply fixed ratios of off-street
parking spaces. Empirical studies show these requirements significantly inflate housing costs; for instance, a landmark San
Francisco study demonstrated that off-street parking mandates added USD 47,000 to the construction cost of single-family housing
units, raising the qualifying annual buyer income by over USD 9,000 (Cao et al., 2026).

By providing accurate, continuous data on true parking demand, Al platforms allow planners to replace arbitrary minimum parking
requirements with flexible, performance-based spatial strategies. Surplus parking spaces can be repurposed into parklets, bus lanes,
micro-mobility charging hubs, or expanded pedestrian areas (Zywiotek et al., 2026).

Simultaneously, planners must evaluate the socio-economic equity impacts of smart parking policies. Equity-focused pricing
research shows that lower-income drivers depend heavily on street parking due to reduced access to private off-street garages.
However, empirical analyses from SFpark demonstrate that demand-responsive pricing does not systematically sort drivers across
blocks by income level. Lower-income parkers proved less price-sensitive than expected, benefiting disproportionately from reduced
search times and cleaner local air (Shokry, 2026).

In specialized environments, such as large medical centers or municipal complexes, advanced allocation algorithms prioritize
accessibility over purely economic rationing. For example, fast grouping-permutation heuristics allocate premier parking spots
based on the total passenger count within arriving vehicles rather than vehicle count alone, maximizing access for higher-occupancy
vehicles (Turon, 2025).

Legal Frameworks, Governance, and Ethics: The EU AI Act Paradigm

Deploying automated sensing and Al inference across public streetscapes introduces significant legal, governance, and civil liberty
challenges. The installation of vision-based networks capable of visual tracking, behavioral monitoring, and automated license plate
scanning conflicts with privacy rights if left unregulated. The European Union’s Artificial Intelligence Act (Regulation (EU)
2024/1689) establishes a comprehensive, risk-based regulatory framework governing public space Al technologies (Ganz Resende,
2025).

Risk Tier Categorization in Smart City Mobility

The EU Al Act classifies artificial intelligence applications into distinct risk tiers, imposing stringent compliance requirements as
potential harms to fundamental rights increase:
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Prohibited AI Systems (Article 5)

Technologies deemed unacceptable threats to civil liberties are strictly banned, subject to narrow law enforcement exceptions. In
urban smart parking contexts, prohibited systems include:

e Real-time Remote Biometric Identification (RBI) (e.g., automated facial recognition or gait tracking deployed across public
CCTV parking feeds).

e Untargeted visual scraping of public camera feeds to construct facial recognition databases.

e Cognitive behavioral manipulation or automated social scoring systems deployed within public spaces (Almada & Petit,
2025).

Consequently, camera-based smart parking deployments must strictly restrict automated detection models to vehicle boundaries,
license plates (under defined statutory frameworks), and spatial occupancy states, explicitly excluding human biometric tracking
(Ebers et al., 2021).

High-Risk AT Systems (Article 6 & Annex IIT)

Al platforms governing critical public infrastructure including municipal traffic management, emergency response routing, and
public surveillance analytics are designated as High-Risk. Smart parking systems tied directly to real-time traffic signal adjustments
or predictive law enforcement routing fall under high-risk governance mandates. High-risk deployments require:

e Rigorous pre-market Fundamental Rights Impact Assessments (FRIA).
e End-to-end technical logs, data provenance tracking, and risk management compliance shields.

e Human-in-the-loop oversight mechanisms, ensuring human operators retain ultimate authority over automated
enforcement or dynamic pricing adjustments (Mintoo et al., 2022).

Low-Risk / Transparency-Only Systems

Al systems designed strictly for utility optimization such as ultrasonic or radar-based vehicle detection that does not gather personal
identifiable information (PII) fall into lower risk tiers. These systems require basic operational transparency under Article 50,
obligating city authorities to notify citizens when Al systems process spatial data within public spaces (Zdravkovi¢ et al., 2025).

Table 3: Risk Tier Classification and Governance Mandates under the EU AI Act for Urban Mobility Technologies

EU AI Act Risk Technology Scope in Statutory Mandatory Regulatory Operational
Tier Smart Cities Legal Status Obligations Compliance
Requirements
Prohibited Risk Real-time facial/gait Prohibited Absolute prohibition subject to Strip facial biometric
(Article 5) recognition via smart (Strictly narrow judicial law enforcement extraction modules from
parking cameras; public forbidden in exemptions edge-computing vision
social scoring public spaces) nodes
High Risk Traffic management Permitted Fundamental = Rights Impact Implement human-in-
(Article 6 & systems; predictive under strict Assessments (FRIA); technical the-loop decision
Annex III) enforcement; ex-post conditions logging; human oversight checkpoints;  maintain
biometric tracking complete audit trails
Transparency Non-biometric occupancy Permitted Public disclosure and transparent Display prominent
Risk (Article 50)  platforms; automated with notice operational notices public signage; publish
pricing chatbots; generic system capabilities and
AT UI data boundaries
Minimal Risk Ultrasonic/magnetic slot Permitted Adherence to general Maintain basic network
sensors; basic non-PII without cybersecurity and software safety encryption, secure data
vehicle counting specific standards transmission, and
algorithms restrictions standard maintenance
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Challenges, Emerging Horizons, and Future Outlook

Despite rapid technical advances, large-scale deployment of Al-driven smart parking systems faces significant technical and
operational hurdles (Olmos Medina et al., 2025).

Hardware and Communication Bottlenecks

Physical sensor arrays remain vulnerable to harsh weather conditions, physical wear, and battery degradation. Optical vision
systems suffer from line-of-sight occlusions caused by large commercial delivery vehicles, trees, or temporary construction. To
improve field reliability, future infrastructure planning must prioritize multi-sensor fusion architectures combining optical vision,
radar, and edge-Al analytical modules (Pierce & Shoup, 2013).

At the network layer, traditional centralized star topologies introduce single-point-of-failure risks where a single gateway outage
disables an entire sub-network. Transitioning to decentralized wireless mesh network architectures ensures that if an individual
communication node fails, neighborhood network telemetry automatically re-routes through adjacent nodes, preserving
communication integrity (Ulvi et al., 2026).

Data Integrity, Security, and Decentralized Ledgers

Smart parking management platforms aggregate extensive spatial mobility data. Security vulnerabilities in parking software could
allow malicious actors to manipulate price signals, falsify occupancy status, or track the location of individual vehicles
(Krishnamurthy & Ngo, 2020).

Integrating Immutable Distributed Ledgers (Blockchain technology) into data management frameworks offers a cryptographic
defense. Decentralized ledgers ensure data integrity across multi-tenant municipal databases, prevent unauthorized manipulation
of transaction logs, and secure automated machine-to-machine micropayments between autonomous vehicles and smart meters
(Sutjarittham et al., 2020).

Autonomous Vehicles and Vehicle-to-Everything (V2X) Communications

The emergence of autonomous vehicle (AV) fleets will fundamentally redefine smart parking management. Instead of relying on
mobile driver interfaces, smart parking platforms will interface directly with vehicle software via Vehicle-to-Everything (V2X)
protocols (Bittencourt et al., 2026).

Autonomous vehicles will communicate with municipal Al systems to negotiate, reserve, and pay for optimal drop-off, staging, and
parking slots based on real-time pricing and battery charging requirements. This shift will transform static curb space into an
automated, software-managed logistics layer (Fahim et al., 2021).

Conclusion

This comprehensive review establishes that the integration of Artificial Intelligence into smart parking management represents a
transformative paradigm shift in urban transportation policy and spatial planning. The transition from static, fixed-rate parking
frameworks to dynamic, Al-driven systems has demonstrated measurable improvements across multiple dimensions of urban
efficiency and sustainability. The technical architecture of modern SPS encompassing multi-modal sensor fusion, edge computing,
and decentralized communication networks provides the foundational infrastructure for real-time occupancy monitoring and
predictive analytics. The economic evidence, particularly from the SFpark pilot project, conclusively demonstrates that
performance-based pricing mechanisms effectively optimize curb space utilization while reducing cruising time, vehicle miles
traveled, and environmental emissions. The 30% reduction in daily greenhouse gas emissions and 12% decrease in parking search
times underscore the tangible benefits of data-driven parking management. Beyond operational efficiency, Al integration enables
sophisticated urban policy planning through Digital Twin frameworks and generative analytics, allowing municipalities to simulate
mobility interventions before physical deployment. The legal and ethical governance frameworks, exemplified by the EU Al Act,
provide necessary safeguards to balance technological innovation with fundamental rights protections. Looking forward, emerging
technologies including autonomous vehicles, Vehicle-to-Everything communications, and blockchain-based data security will
further revolutionize curb-space management. However, successful implementation requires addressing persistent challenges
including sensor reliability, data privacy, and social equity considerations. The evidence collectively suggests that Al-enabled smart
parking systems, when thoughtfully designed and equitably implemented, constitute an essential component of sustainable,
resilient, and intelligent urban mobility ecosystems for twenty-first-century cities.
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