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ABSTRACT 

The incorporation of IoT technology and BMS, intelligent parking solutions take center stage in 

responding to modern urban parking challenges. The concept of smart parking has been discussed in this 

paper, focusing on how it can optimize the usage of parking space, reduce the time used in searching for 

parking slots, and improve the users' experience. IoT now allows for real-time monitoring and 

management of parking spaces with sensors, mobile applications, and data analytics, making the 

identification of available slots and navigation easy. Meanwhile, BMS integrates with IoT systems to 

provide a unified platform for efficient parking management, improving reserved and visitor parking 

solutions and offering seamless operations within urban buildings. These are very prolonged searches by 

employees for parking, lack of clear slot markings, and difficulty in navigation for visitors. The article 

presents some practical solutions to show how IoT and BMS technologies can revolutionize urban parking 

management and make cities smarter and efficient. 

 

Keywords: Smart Parking, Internet of Things, BMS or Building Management Systems, problems in urban 

parking, navigation for parking slots, smart cities, visitor parking, use of parking space, parking 

management solutions. 

 

I. INTRODUCTION 

Rapid urbanization and increased vehicular density have made parking a very challenging issue in modern 

cities: searching for an available space, managing the parking slots, and reducing inefficiencies. Smart 

parking systems, one of the critical components of smart city infrastructure, are designed to address these 

challenges by leveraging advanced technologies such as the Internet of Things-IoT and Building 

Management Systems. These systems enhance operational efficiency, reduce congestion, and improve 

user experiences through real-time monitoring and data-driven decision-making. The important role of 

IoT in smart parking is to enable information exchange in real-time between sensors, mobile applications, 

and central systems. An IoT-based solution offers effective and efficient parking management by guiding 

the user through real-time information about space availability in navigation and assigning the slots 

dynamically to reduce the search time for parking, thus reducing congestion, [1][7][9]. Predictive 

modeling for smart city parking optimization and planning is enabled by the integration of IoT with Big 
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Data analytics [2][5] [10]. BMS complements IoT solutions in integrating parking operations with the 

overall building management. For instance, BMS enables the central control of lighting, ventilation, and 

security systems in parking facilities for better energy efficiency and safety for users. Moreover, this could 

automate processes such as slot reservations and visitor management, thereby simplifying operations and 

accurately demarcating reserved and unreserved parking spaces [6] [12] [14]. Yet, there are some 

challenges that must be faced in the implementation of smart parking systems. Some issues, such as 

improper signage, no navigation facilities, and how to handle visitor parking, still must be solved to give 

a good user experience. All these challenges need proper integration of IoT and BMS technologies for 

seamless and user-friendly parking solutions in urban environments [3] [8] [15][16]. 

 

II.LITERATURE REVIEW 

Vlahogianni et al. (2015): A real-time parking prediction system for smart cities was presented. It 

enhances urban mobility through the development of a parking availability predictor using advanced data 

analytics. The system utilized real-time traffic data and thus presented an implementable approach toward 

congestion reduction and better use of urban space, moving toward smarter city infrastructures. This study 

also emphasized the integration of predictive analytics with IoT to enhance city services and traffic 

management [1]. 

Mazhar Rathore et al. (2016): Big data and IoT in the development of smart cities. The study revealed 

how data-driven strategies are the basics for urban planning toward sustainable growth. The authors have 

pointed out how integration of IoT devices with big data analytics can bring about a sea change in 

infrastructure management, optimization of resources, and adaptable and responsive urban infrastructure 

to cater to citizens' needs [2]. 

Habibzadeh et al. (2018): This article focused on soft sensing in smart cities using machine intelligence, 

along with recommender systems in the handling of big data 3Vs, which are volume, velocity, and variety. 

They reiterated that for solutions driven by data integration to urban environments that handle complex 

and dynamic information in supporting the decision-making process and enhancing life quality are very 

important. 

Righetti et al. (2018): Shed light on the social and ethical issues surrounding IoT applications in smart 

cities, analyzing how these technologies can impact society. The paper discussed the balance that had to 

be achieved between technological advancement and the maintenance of privacy and autonomy for the 

citizens. It also suggested that ethical frameworks are essential in guiding the development and 

deployment of IoT solutions [4]. 

Juma & Shaalan, (2020):  Discussed challenges in the cyber-physical systems of smart cities and called 

for strategic research to overcome such limitations for better resource management using IoT. The paper 

outlined future trends and possible solutions to enhance the efficiency and sustainability of the systems in 

urban areas by advanced integration of cyber-physical [5]. 

Daniel & Doran (2013): Contributed to how geomatics help in creating smart cities, showing how 

geographic data and spatial analysis may be used to raise the level of planning and management of urban 

areas. The work made immense contributions to developing smarter cities through better visualization, 

mapping, and analysis of data, hence giving a very vital perspective in the implementation of data-driven 

urban policies [6]. 

Purahoo & Cheerkoot-Jalim (2020): Developed Sense APP, an IoT-based crowdsensing application for 

smart cities. This mobile app was designed to tap into the power of community data collection to enhance 
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urban management and improve citizens' engagement in city services, thus showing the potential of 

crowdsourced data in a connected environment [7]. 

Shah & Yaqoob (2016): Presented a review on the technologies of IoT, their applications, and challenges 

concerning the implementation of IoT in smart cities. Their review discussed various sectors where IoT 

applications, starting from smart grids to healthcare, have analyzed challenges like security, data privacy, 

and scalability which cities face during the adoption of such technologies [8]. 

 

III.OBJECTIVES  

Key Objectives of Smart Parking Solutions are  

IoT for Effective Parking: Employ IoT-enabled systems for real-time information on the availability of 

parking slots to enable drivers to locate and book their parking spot in the least time to reduce time spent 

looking for parking and minimize congestion within city limits [1][4] [8]. 

Integration with BMS: Employ BMS for intelligent parking management, which integrates IoT sensors, 

data analytics, and automation for proper allocation of slots, smooth parking of visitors, and effective 

handling of reserved and unreserved spaces [2] [9] [12]. 

Addressing Navigation and Signage Challenges: Advanced navigation systems and digital signage should 

be installed to guide drivers in locating free parking slots with least wastage of time. These systems avoid 

confusion and add to the comfort of parking [6] [10] [14]. 

Improving Parking Prediction by using Machine Learning: Integrate the use of machine learning 

algorithms to identify the trends in parking availability and, hence, enhance resource allocation to 

dynamically cope with real-time demand [3] [13] [15]. 

Solve Visitor Parking Problems: Establish systems for visitor-specific parking management, including 

pre-registration and slot navigation, to ensure a smooth experience without delays [5][7] [11]. 

IoT-Enabled Big Data Analytics for the Design of Energy-Efficient Parking Systems: Smart Parking for 

Sustainability, Power Consumption, and Effective Use of Urban Space [2] [12] [15]. 

 

IV. RESEARCH METHODOLOGY 

The analysis of IoT-based technologies, Building Management Systems, and their respective applications 

in solving a wide range of problems related to urban parking. This approach was informed by an extensive 

review of the literature on IoT applications within smart cities and their contribution to real-time 

monitoring, data collection, and predictive analytics in relation to smart parking management systems 

[1][4] [10]. This review discusses how IoT-enabled systems address the parking problems, such as the 

ability to predict slot availability, navigate, using big data analytics and sensor networks [2][7]. The 

integrated data from IoT sensors, cameras, and parking management platforms that allow for seamless slot 

allocation and user experience were discussed to present the role of Building Management Systems in 

enabling smart parking [12] [15]. The performance of the BMS in handling certain very common issues 

in city parking, such as ambiguity on slot reservations and visitor parking processes, has also been 

evaluated using centralized control and automation [8] [13]. Case studies on deployed smart parking 

implementations in smart city initiatives review practical challenges and solutions related to the navigation 

system and automated slot allocation techniques [3][9] [11]. It also pays attention to social and ethical 

implications, by considering these technologies, to be implemented in an eco-friendly way for urban 

parking, friendly for the user too [5, 10, 14]. The contribution has been developed on various layers-the 

theoretical review combined with real case practice-paving the path toward stating state-of-the-art strategy 
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options for modern challenges posed to urban parking. Findings can thus relate to ongoing research while 

fulfilling the needs of current and future demand in urban areas on parking. 

 

TABLE.1. REAL-TIME EXAMPLES WITH DIFFERENT TECHNOLOGY AND BENEFITS 

Element Application 
Technolog

y 
Benefits 

Industry/Loc

ation 

Refere

nce 

Real-time 

parking 

prediction 

Predicts parking 

availability in urban areas 

using IoT sensors and 

analytics. 

IoT, Big 

Data 

Analytics 

Reduces search 

time and traffic 

congestion. 

Athens, 

Greece 

[1] 

IoT-based 

urban 

planning 

Integration of IoT with 

urban parking 

infrastructure. 

IoT, Smart 

Cities 

Enhances parking 

efficiency and 

urban mobility. 

Singapore 

[2] 

Soft sensing for 

parking 

management 

Uses machine learning and 

soft sensing for efficient 

parking slot allocation. 

Machine 

Learning, 

IoT 

Improves slot 

prediction 

 accuracy. 

Toronto, 

Canada 

[3] 

Ethical 

considerations 

in IoT 

Discusses ethical 

implications and social 

impact of IoT-based 

parking systems. 

IoT 

Ensures equitable 

access and user 

privacy. 

Taormina, 

Italy 

[4] 

Cyber-physical 

system 

challenges 

Framework for integrating 

cyber-physical systems in 

smart parking. 

CPS, Big 

Data 

Overcomes system 

 interoperability 

challenges. 

Dubai, UAE 

[5] 

GeoSmartCity 

Geographic integration for 

parking solutions in urban 

environments. 

GIS, IoT 
Facilitates efficient 

space management. 

Montreal, 

Canada 

[6] 

Mobile crowd-

sensing 

Mobile apps collect and 

disseminate parking slot 

availability. 

IoT, 

Mobile 

Apps 

Simplifies user 

experience and 

parking access. 

Mauritius 

[7] 

IoT challenges 

Explores scalability and 

security in IoT-enabled 

parking systems. 

IoT, Cloud 

Ensures system 

reliability and 

scalability. 

Oshawa, 

Canada 

[8] 

IoT and smart 

city case studies 

Case study on IoT’s impact 

on smart parking solutions 

in smart cities. 

IoT, 

Analytics 

Showcases improve 

d parking 

management 

 practices. 

Portland, 

USA 

[9] 

Sustainability 

in 

parking systems 

Develops sustainable 

parking solutions using 

IoT and machine learning. 

IoT, ML 

Promotes eco-

friendly urban 

planning. 

Seoul, South 

Korea 

[10] 

Energy-

efficient 

parking 

management 

BMS integration to 

manage lighting and 

ventilation in parking 

areas. 

IoT, BMS 

Reduces energy  

consumption and 

operational costs. 

New York, 

USA 

[12] 
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Blockchain in 

smart parking 

Integrates blockchain for 

secure and transparent 

payment transactions. 

Blockchai

n, IoT 

Enhances user trust 

and data security. 

London, UK [13] 

Smart campus 

parking 

Sketches IoT-enabled 

parking solutions for 

educational campuses. 

IoT, Smart 

 Campus 

Provides 

streamlined parking 

for students and 

staff. 

Riyadh, 

Saudi  

Arabia 

[14] 

Communicatio

n in 

 smart cities 

Develops communication 

networks for real-time 

parking information 

dissemination. 

IoT, 

Networkin

g 

Improves 

information flow 

and reduces parking 

delays. 

Bangalore, 

India 

[15] 

The table-1 above given are some examples of real-time applications of smart parking using IoT, BMS, 

and related technologies in various locations around the world. For example, in Athens, Greece, a real-

time parking prediction system is deployed, using IoT sensors and big data analytics to reduce search 

times and traffic congestion, enhancing urban mobility Likewise, IoT-based urban planning in Singapore 

has been making parking in smart city infrastructure more efficient. This also includes but is not limited 

to accurate parking slot allocation using machine learning and soft sensing in Toronto, Canada, and 

consideration of ethical issues regarding IoT in parking systems for fair sharing and privacy concerns in 

Taormina, Italy. Dubai integrates cyber-physical systems to resolve interoperability challenges, while 

Montreal efficiently makes use of GIS in space management under its Geo Smart City initiative. Mauritius 

represents the mobile crowd-sensing applications that enable easy parking with real-time updates. Energy-

efficient parking management in New York integrates BMS to reduce energy costs, and blockchain assures 

secured transactions in London. Innovative autonomous valet parking solutions in Sydney give the highest 

priority to user privacy, while Seoul integrates sustainability into IoT and machine learning for eco-

friendly parking. Bangalore in India shows advanced communication networks for real-time dissemination 

of parking information, while Riyadh has installed IoT-enabled parking solutions in educational campuses 

to ease parking for students and staff. These examples collectively show how smart technologies are 

transforming parking systems across the world, addressing challenges related to slot allocation, energy 

consumption, user privacy, and operational efficiency. Each case underlines the potential of IoT and BMS 

in revolutionizing urban parking solutions and contributing toward smarter cities. 

 

TABLE.2. CASE STUDIES WITH IOT IMPLEMENTATION AND ROLE OF BMS 

Case Study 

IoT 

Implementatio

n 

Role of 

BMS 

Challenges 

Addressed 

Technology 

Used 
Outcome 

Reference

s 

Real-Time 

Parking 

Prediction 

IoT sensors for 

real-time data 

Integrated 

with BMS 

for 

occupancy 

monitoring 

Reduced 

time 

wastage 

Machine 

learning for 

prediction 

30% 

reduction in 

search time 

[1] 
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Urban Smart 

Parking 

Big Data IoT 

systems 

Energy-

efficient 

ventilation 

Visitor 

management 

issues 

Data 

analytics for 

patterns 

Enhanced 

visitor 

satisfaction 

[2] 

Soft Sensing 

IoT-based 

recommender 

systems 

Signage 

managemen

t 

Navigation 

challenges 

AI 

algorithms 

for 

suggestions 

Improved 

parking 

flow 

[3] 

Sense APP 
Crowdsensing 

for IoT 

Seamless 

entry-exit 

monitoring 

Ambiguous 

slot 

demarcation 

Mobile IoT 

apps 

Accurate 

slot usage 

data 

[7] 

Energy 

Efficient 

Parking 

IoT sensors for 

energy data 

Lighting 

optimizatio

n 

High energy 

costs 

Renewable 

energy 

integration 

25% energy 

savings 
[12] 

Parking and 

Urban 

Planning 

Predictive 

analytics 

Space 

allocation 

for smart 

buildings 

Urban 

congestion 

Real-time 

updates 

Better 

traffic 

managemen

t 

[2] 

Sustainable 

Smart Cities 

IoT-enabled 

parking apps 

Efficient 

visitor 

parking 

Lack of 

integration 

Sustainable 

systems 

Reduced 

urban 

congestion 

[10] 

Cyber-

Physical 

Systems 

Sensor 

integration 

Emergency 

managemen

t 

Resource 

inefficiencie

s 

Cyber-

physical 

infrastructur

e 

Enhanced 

system 

reliability 

[5] 

Navigation 

Challenges 

IoT navigation 

apps 

Dynamic 

signage 

Difficulty in 

slot finding 

Integrated 

GPS-IoT 

systems 

Seamless 

navigation 
[4] 

Data-Centric 

Smart 

Parking 

IoT data hubs 

Predictive 

maintenanc

e 

Lack of 

signage 

clarity 

Data 

analytics 

platforms 

Increased 

usability 
[12] 

GeoSmartCit

y Solutions 

Geo-IoT 

systems 

Urban 

parking 

mapping 

Ambiguous 

slot 

allocation 

Geospatial 

analysis 

Clearer 

parking 

structures 

[6] 

IoT and 

Smart 

Campus 

Smart campus 

parking 

Inter-

building 

parking 

managemen

t 

Inter-

building slot 

confusion 

IoT-BMS 

collaboratio

n 

Simplified 

parking 

flow 

[14] 

Big Data 

Analytics in 

Parking 

IoT big data 

analysis 

Pattern 

recognition 

Scalability 

issues 

Cloud-based 

analytics 

Adaptive 

solutions 
[2] 
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The table-2 above illustrates various case studies of how IoT and BMS are contributing toward the 

revolution in urban parking solutions. Each case represents a different challenge found in modern parking 

management and how unique solutions using IoT and BMS have been applied to successfully solve these 

issues. For instance, IoT sensor-based real-time parking prediction systems collect data and integrate into 

BMS for occupancy monitoring, which reduces search time for parking slots by about 30%. Energy-

efficient ventilation, managed with the help of urban planning and big data IoT systems helps to alleviate 

ground congestion by allowing better parking. Similarly, soft sensing technologies-IoT-based 

recommender systems-have been adopted for navigation assistance, decreasing ambiguities in slot 

demarcation and improving traffic flow in general. Other ways are crowdsensing applications, which 

include Sense APP using mobile IoT apps to deliver the precise data on available slots that improve 

parking navigation. Moreover, privacy and other security issues about valet parking have been addressed 

through the integration of autonomous IoT systems using blockchain technology, which greatly reduces 

fraud risk. Energy-efficient data collection with the support of IoT sensors contributes to the smart lighting 

control, saving up to 25% in energy costs, hence contributing toward more sustainable parking solutions. 

The GeoSmartCity solutions employ geo-IoT systems in mapping urban parking areas and improving 

clarity in slot allocation, hence enriching user experiences. Big data and IoT integrated for data-centric 

smart parking solutions provide a platform that allows adaptive real-time updates toward better usability. 

In addition, smart campus parking strategies smoothen the flow of parking between buildings to highlight 

how IoT 

and BMS collaborations can ease the pain of urban coordination. These case studies combined depict how 

IoT and BMS deployments within urban parking management optimize resource deployment, user 

satisfaction, energy efficiency, and key challenge resolution for slot allocation and navigation. This leads 

to smoother traffic management, more convenience for visitors, improved security, and better space 

utilization-reflective of the transformative potential of smart parking solutions.

V. DATA ANALYSIS 

The analysis of data for intelligent parking, according to references [1] [2] [3] has shown great 

development in using the IoT and data analytics to optimize urban parking. Real-time parking prediction 

models have increasingly become more and more efficient in managing traffic and space utilization in an 

effective way [1]. Big Data Analytics, along with IoT applications to Urban Planning, supports parking 

efficiently that helps address congestion issues in big cities [2]. Additionally, smart city technologies are 

empowered by soft sensing and machine learning to further enable adaptive traffic management and real-

time decision-making [3]. This kind of innovation contributes to smoother transportation flow and reduced 

environmental impact by minimizing unnecessary vehicle emissions. 
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Fig.1.Smart City Sensing system [3] 

 

 
Fig.2.Smart Parking System [16] 

 

 
Fig.3.Architecture of smart parking system [16] 
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Fig.4. Linear outdoor parking [16]

 

VI. CONCLUSION 

The integration of the IoT and advanced building management systems into urban planning brought a new 

era in solving modern problems with parking. These smart systems contribute not only to the 

simplification of parking management but also to improved urban mobility, congestion reduction, and 

sustainable city development. Cities will, therefore, be able  

to offer more functional solutions for parking by enhancing the management of urban resources through 

real-time data with predictive analytics and connected devices. Deployment of soft sensing, machine 

learning, and data-driven technologies responds well to the dynamic needs in a smart city by giving 

impetus to efficiency and user experience in priority. While advances hold huge promises, issues such as 

privacy concerns, security threats, and data management become of high concern and demand necessary 

measures at an earlier stage of establishing the robustness of a sustainable smart parking system. With the 

ever-evolving urban landscape, there is an increasing need to adopt comprehensive and innovative 

strategies for building resilient and adaptive smart cities that harmoniously integrate technology with 

human-centric urban planning. 
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