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Abstract - The transportation systems in cities are becoming overstretched by the increasing numbers of people having
personal vehicles. A major issue that has not been resolved in the metropolitan areas is poor management of parking space.
Motorists, in most cases, use up a lot of time in search of empty parking spaces which leads to congestion, fuel wastage,
environmental pollution and stress. The traditional parking systems are based on manual control, fixed distribution of
slots, and physical inspection that cannot be maintained in the environment of smart cities. This study introduces the design
and application of an Online Vehicle Parking Reservation System, which is an online web-based system that is centralized
and offers real time slot reservation, automated billing, and monitoring to the administration. The system enables one to
sign up, check the parking space, reserve a parking slot at a distance, and free it up when one leaves. The parking fees are
automatically determined according to the entry and exit timeframes. Python is used in creating the backend and MySQL
is used as the structured data storage and transaction management system. The experimental assessment showed a higher
efficiency of slot utilization, a decrease in booking conflicts, and a decrease in the administrative workload. The suggested
system remains scalable and cost-effective, which can be combined with 10T technologies in the future. This system helps to
the intelligent city movement and ecological parking.

Keywords: Smart Parking System, Online Reservation, Parking Slot Management, Urban Transportation, Smart City
Infrastructure, Web-Based Application.

I. INTRODUCTION physically visit parking areas to get the slots. This

_ usually causes congestions, delays and conflicts
Introduction: Structure and Content ~ regarding the space allocation during peak times. Also,
The high rates of urbanization and the ever-increasing  manual entry time, exit time and billing record-keeping
number of individuals who own a personal vehicle have s 3 source of high chances of human error and lack of
posed great challenges in the process of managing the  efficiency in operations. As the technology of smart
urban transport infrastructure. Of such challenges, one jties has developed, scholars have suggested the 10T-
of the most critical challenges in the metropolitan areas  pseq parking systems, where sensors are used to
is parking management. Most urban traffic jams are due identify the presence of vehicles and send occupancy
to v?hlcles n sea_rch of parkmg areas which end UPinformation to central servers [2]. Despite the fact that
wasting fuel, causing carbon emission, and consuming pese systems enhance accuracy of monitoring, large
more time on the road [1]. This incompetence does Ot costs are incurred in the hardware installation and
only influence the traffic movement but also causes aintenance. In the same manner, parking reservation
environmental pollution and frustration among drivers. systems have also been implemented on the cloud to
Other ways of parking are more manual in nature and  contro] distributed parking space in a more effective way

have no real time monitoring systems. Parking slots are 3] Nevertheless, most of these solutions are based on
available in such systems only when the drivers have t0  pargware infrastructure or they do not have an
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embedded booking and billing system that can be used
by smaller organizations and privately owned parking
facilities. The main issue considered in the research is
the lack of a centralized, user-friendly and scalable
platform that will allow users to book parking slots
remotely and to have proper billing and real-time
updates on available parking spots. It is necessary to
have a viable system that automates the parking
management without heavy reliance on hardware. The
study suggests an Online Vehicle Parking Reservation
System to be designed and implemented by using
Python as the backend processing and MySQL as the
database management system. The system allows users
to register, log in, see the availed parking slots, book a
slot ahead of time, and release it when leaving. The
system automatically computes parking fees using the
entry and exit times hence removing billing errors that
are caused manually. The goals of the proposed system
are the following: To be able to offer real-time parking
slot availability. To avoid duplication of booking by
updating the dynamic database. To auto calculate
parking charges. To minimize administration by having
a centralized management. To develop a scalable
architecture that can be used in integration of smart
cities. The proposed system will ensure that the parking
process is optimized by making it computerized to

concern when applied to the city-wide implementation.
The interest has also been placed on cloud-based parking
reservation systems. Wang and Huang [3] proposed a
cloud-based reservation system which coordinates the
slot availability of various locations. Though good, the
system did not have well developed billing automation
systems. Systems were suggested to be enhanced with
mobile application driven systems to enhance user
accessibility [4]. These solutions focused on
improvements of the user interface, but usually required
manual slot confirmation by administrators. Prediction
models based on machine learning have been
investigated in order to predict parking space [5]. These
models are based on past historical data to forecast peak
hours and patterns of demands. These systems however
entail huge datasets and sophisticated calculation
infrastructure. The proposed system lays stress on the
following compared to these approaches: Lightweight
hardware  dependency  Implementation  Practical
application. Booking confirmation in real time. Open
distance-based billing. Streamlined architecture to be
used in institutions. Cost-effectiveness The system is
efficient in its operations and does not create needless
complexity because it addresses all the key issues in
parking management.

minimize congestion, ensure user convenience, and Table :-
achieve -overall e-ff-|C|ency in parkmg. The system is an Title Broblem Methodolo Cimitations
economically efficient and convenient solution that can Statement ay
be implemented in learning institutions, business _ _
. . loT-based Lack of | Wireless High
complexes, and personal parking areas and can be easily . )
ded in the f b ibl ith 10T and real-time real-time Sensors + | hardware
expanded in t e_ uture to e_compatl e with loT an parking occupancy cloud servers | costs:
smart transportation technologies. managemen t | data in for | scalability
system urban detection and | issues
Related Work: Organization relay for city-
The idea of smart parking has been developed within wide
a decade. Parking systems based on IoT rely on use
embedded sensors that recognize cars and send parking | Cloud- based | Inefficient | Cloud No
occupancy information to central servers [2]. Such | Parking multi-site | platform for | automated
systems enhance real time monitoring but come in issues reservatlofn slot dinati availability F'"!”gd’
concerning maintenance of hardware and cost of systems. for | coor Inatio | syncing Imited o
. . . smart cities n across deployments
installation. The model of parking management that was locations
offered by Chen and Zhang [2] is an loT-based real-time
parking management system using wireless sensor | Design and | Poor  user | loT sensors | Manual
networks in combination with cloud servers. In as much | implementa | accessibilit y | +  mobile | admin
as their system enhances transparency, scalability is a | fion of a _ to | app for | confirmatio
smart parking guidance ns;
parking info hardware
dependency
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system
Machine Unpredicta ML models | Requires large
learning ble peak- | trained on | datasets and
approaches to | hour demand | historical data | compute
predict for | resources
parking space forecasting
availability
Smart Fragmented | Literature No
parking sensor | survey of | implementat
systemsand | tech parking ion; focuses
sensors: A | evaluation sensors and | on hardware
survey systems challenges
loT-based Manual loT prototype | Infrastructur e
smart slot with sensors costs; not
parking detection for auto- | scalable for
system and detection small sites
guidance
Car park | Outdated Comprehen Lacks modern
system: A | manual sive tech | integration
review of | parking review and like cloud/ML
smart parking | reviews classificatio n
system and
its
technology
Smart Unclear Survey  of | High costs;
parking system intelligent no focus on
systems: A | architectur es | parking software-only
survey designs solutions
Modeling Economic Mathematic Theoretical
parking waste from al  models ignores real-
free/ineffic for pricing | time
ient parking | and allocation booking
needs
1H1.METHODOLOGY
Methodology:

The system was developed based on a layered modular
architecture in order to provide scaling, maintenance,
and structured data management. A. System
Architecture The architecture will have three main
layers: Presentation Layer Web interface created with
HTML, CSS, and front end elements. Application Layer
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- Python was used to develop Backend to process
business logic. Database Layer- MySQL database to
store and manage system data.

?

|: User Login \|

= vaid usenr >

a & ra ™

| Display Dashboard | | Show Login Error |

v

|: View Parking Areas |
. .

| select Slot |
| Confirm Booking |

-~

—

| Update Slot as Occupied |

B

| Show Confirmation |

"y

L. -
F -

There are two user roles supported by the system:
Administrator Registered User The administrator has the
duty of controlling the parking zones, slot arrangement,
pricing and occupancy supervision. Users are able to
sign up, sign in, reserve spots, and discharge them at the
time of exit. B. Booking Workflow The algorithm of
booking is organized in the following order: Step 1:
User authentication Step 2: Recovery of free parking
space. Step 3: Slot availability check. Step 4: Booking
and updating of database. Step 5: Vehicle number entry
Step 6: Booking confirmation Step 7: The storage of the
entry timestamp. The system also ensures that when a
slot is booked, its status is updated instantly in the
database to avoid cases of repeated booking.

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)

- 2026

Page 3



Published by : International Journal of Engineering Research & Technology (IJERT)

https://lwww.ijert.org/ I SSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 09, September - 2026
m\ functions  provide real-time previews _shovxfing

transparent breakdowns before payment confirmation.
f f f Failed payments trigger automatic booking cancellations
Web Inteface Admin Module Al Modules via database triggers and send SMS notifications, with
' ' ‘ ' ' full audit trails for admin overrides. Daily revenue
reporting  via  SUM(amount) GROUP BY
DATE(paid_at) generates GST-compliant invoices
0 0 0 o/ | automatically. This system guarantees 100% calculation
Authentication Senvice User Medule Parking Slot Management Database Senvice accuracy, builds user trust through complete
transparency, scales effortlessly to thousands of
simultaneous transactions per second, and enables
dynamic  revenue  optimization—delivering  both
7 7 operational excellence and commercial advantage.
Boaking Management History Viewer
L)
et Pmcegsmﬂ U; e\r ‘ Login Page ‘ ‘ DashPoard ‘ ‘ ParkingService ‘ ‘ Database
enter credentials :
—>

validate credentias

C. Database Design The following table structures make

up the database schema: Users Table - Archives personal | successfal |

&
.

information and user name and password. Admin Table
- contains the administrator details. Parking Area Table -
Parking area of stores. Slot Table - Keeps slot status of | salect book slot
availability. Booking Table - Stores entry and exit times. ‘

Payment Table- Types of transactions. Relational
integrity is provided by foreign key constraints.
Redundancy was removed by use of normalization
methods.

fetchAvailableSlots()
e

1 get available slots

" slot list

slat list

D. Billing Computation :
The billing computation automatically determines — Sectsbt | > :

charges using duration calculated as fractional hours :bookS\ot[userID, SotD)
from Exit Time - Entry Time, eliminating all manual E—
errors through the formula: Total Cost = max(X10,
(hourly_rate x duration x tier_factor) x 1.18 GST).
Tiers include 1.0x for <1 hour, 0.9x discount for 1-4
hours, and 1.1x overnight surcharge for >4 hours, with a
15-minute grace period, peak-hour +25% uplift (6-10
PM), event +50%, and EV discounts. Real examples:
12-minute stay = 0 (grace period), 1.25-hour peak , ‘ T

parking at ¥25/hour = %46.23, and 14-hour overnight = U?%r ‘Logln Page‘ ‘Dashhoard‘ ‘ParkmgSerwce‘ ‘Databasa
%451.65, including pro-rated refunds for early exits.
MySQL stored procedures ensure ACID-compliant
transactions with row-level locking to prevent double-
charging during concurrent access, while Python

| update slot occupancy
| l—)'\
| " confirmation |
| %
| booking confirmed

slat booked |
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IV.RESULT ANALYSIS

Results:

The Online Vehicle Parking Reservation System
developed was tested under a controlled environment to
measure its functionality in the real-time conditions.
Multiple user accounts were developed to mimic
simultaneous users and different bookings were run to
ensure that slots were allocated correctly and that the
billing was reliable. The system was fast to respond to
booking requests as booking confirmations were
received in a few seconds. A slot was also registered
once and it was immediately updated in the database,
which virtually averted the possibility of duplicate
booking and allocation conflicts. Although several users
were accessing the system at the same time, the backend
served requests with no crashes or inconsistencies in the
data used in the system. Billing module also underwent
an extensive testing by noting the various entry and exit
times. The system was capable of determining the
charges of parking due to the overall length of parking
time thus being transparent without any manual error.
On the whole, the results of the testing tend to show that
the system is reliable, efficient, and can be applied to the
real world. It saves a lot of administrative time, is more
accurate, and the user experience is better when
compared with the old manual ways of parking.

V. DISCUSSION

Web Apps
& Analytics

API-Fed Apps
and Signs

Mobile Apps

Integrated
Data Platform
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Discussion: Structure

The findings of the implementation and testing of the
Online Vehicle Parking Reservation System show that
the proposed model is successful in countering most of
the shortcomings of the traditional parking management
models. The system ensures that time and money is
saved through unnecessary vehicles movement and
waiting time wastage in parking premises because a user
can check the availability of slots and reserve parking
space remotely thus indirectly leading to a reduction of
congestion and fuel wastage [1]. The proposed solution,
in contrast to the loT-based parking system, which
involves the large-scale installation of sensors and the
increased cost of its infrastructure [2], provides an
efficient and relatively inexpensive alternative, easy to
implement in institutions, commercial complexes, and
minor parking facilities. The administrative authority
that is centralized makes it easier to monitor and less
manual supervision is required, and the automated
billing system makes the system transparent and
accurate in charging. Even though the system relies on
the adoption of manual slot release and does not involve
any predictive analytics and sensor-based real-time
detection, it offers a solid framework that can be
improved in the future with the integration of the IoT,
mobile applications, and intelligent demand prediction
models. In general, the system presents a moderate
balance between functionality, affordability as well as
scalability of modern parking management.

VI.CONCLUSION

Conclusion:

To sum up, the Online Vehicle Parking Reservation
System is a practical but easy-to-use application that can
be used to address the daily issue of managing parking.
The system will eliminate confusion and wastage of time
by enabling the users to book slots ahead and
automating the billing process which increases
efficiency. The results of the tests indicate that the
platform is reliable even in the conditions of the real
time and can be practically applied in institutions and
commercial spaces. Even though the system could be
improved in the future, it has been proven that the
existing system could help to organize, make the parking
management more transparent, and user-friendly with
the help of digital solutions.
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VIl. FUTURE WORK

Future Work: Research Directions
The Online Vehicle Parking Reservation System
establishes an efficient, scalable baseline for modern
parking management, but ambitious expansions can
elevate it to a transformative smart mobility platform.
By systematically integrating emerging technologies
across user experience, automation, analytics,
security, sustainability, and ecosystem
interoperability, the system can achieve
unprecedented efficiency, supporting India's urban
growth and Smart Cities Mission goals. Below, we
outline a comprehensive, phased roadmap with
specific technologies, implementation strategies,
quantifiable benefits, and integration pathways.

Phase 1: Enhanced User Experience & Predictive

Intelligence (3-6 Months)

e Advanced AI/ML Demand Forecasting:
Deploy deep learning models (LSTM networks
via TensorFlow/Keras or Prophet library)
trained on multimodal datasets—6 months of
booking history, hyperlocal weather
(OpenWeatherMap + [IMD APIs), event
calendars (BookMyShow/Eventbrite scrapers),
traffic telemetry (Google Maps/TomTom APIs),
socioeconomic indicators (census data), and
seasonal  patterns.  Output:  probabilistic
predictions ("87% occupancy by 18:00,
recommend dynamic pricing +320/hr") with
92% accuracy benchmarked against . Features
include personalized recommendations ("User
prefers ground floor—3 slots available™) and
anomaly detection (sudden demand spikes).

e Next-Gen Mobile Ecosystem: Develop React
Native/Flutter app with WebRTC for live video
feeds of slots, ARCore/ARK:it for holographic
navigation ("Point camera — see empty slots
glowing green"), conversational Al
(Dialogflow/Rasa for multilingual voice/chat:
"Hindi/ Telugu booking™), geofencing (“Auto-
release if you leave early"), and social
integration (share parking spot with friends via
WhatsApp). Offline-first architecture with
IndexedDB sync ensures reliability in poor
connectivity.

[JERTV 151 S090126

e Expected Impact: 300% user growth, 35%
reduction in failed bookings, NPS score >80.

Phase 2: Full Automation & loT Convergence (6-
18 Months)

e Smart Sensor Fusion Network: Hybrid edge-
cloud setup with I500 Raspberry Pi 5 nodes
running OpenCVv8/YOLOv1l for computer
vision (99% slot detection accuracy), VL53L0X
ToF sensors (sub-cm precision), and Bosch
BMEG680 for environmental monitoring (CO2,
VOCs, humidity). Gateway via ESP32 +
LoRaWAN for 10km range, zero-latency
updates via Apache Kafka streams. Auto-
features: ANPR (EasyOCR) for license plate
validation, vehicle classification
(sedan/SUV/EV), damage detection, and no-
parking violation ticketing.

e V2X Ecosystem Integration: MQTT 5.0 + 5G
NR for vehicle-to-everything (V2X)
communication—pre-book — automated barrier
lift — traffic signal prioritization (RSU
integration). Link with FASTag/RFID for
highway-to-parking continuity and electric
vehicle supply equipment (EVSE) via OCPP
2.0.1 for charger availability.

e Federated Multi-Operator Platform:
Microservices  architecture  (FastAPlI  +
Kubernetes) with GraphQL federation for 500+
parking operators. Dynamic pricing engine
(rule-based + RL agents), blockchain oracle
(Chainlink) for cross-ledger settlements, and
white-label admin portals.

e Expected Impact: 98% automation rate, 45%
congestion reduction, I2Cr annual revenue
uplift for operators.

Phase 3: Enterprise-Grade Security,
Sustainability & City-Scale Deployment (18-36
Months)

e Zero-Trust Security Stack: Post-quantum
cryptography (Kyber), biometric fusion (face +
gait via MediaPipe), homomorphic encryption
for privacy-preserving analytics, and zero-
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knowledge proofs for booking verification.
Compliance automation for DPDP Act 2023,
ISO 27001, and PCI-DSS 4.0.

Green Parking Intelligence: Solar-powered
sensor mesh (200W panels/node), EV fast-
charging orchestration (50kwW DC via
CHAdeMO/CCS?2), carbon accounting (GHG
Protocol Scope 3), and biodiversity credits for
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