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Abstract
DOL: https://doi.org/10.7759/s44388-024-

00526-2 The rapid growth in private vehicle ownership in Indian cities, particularly in New Delhi, has led to severe
traffic congestion, with parking demand being a significant contributing factor. Despite India's relatively low
car ownership rates globally, the rising demand for street parking has reduced road capacity and hindered
urban traffic flow. This study focuses on the persistent issue of traffic congestion in New Delhi, particularly
during peak hours on arterial roads and highways, caused by factors such as high vehicle density, illegal
parking, inadequate parking infrastructure, mixed traffic flow, and inefficient management systems.

To address these challenges, this paper presents the Optimal Parking Space Allocation Model (OPSAM), a
novel system that integrates real-time parking vacancy detection with a user-centric platform for guidance
and reservation. Leveraging the YOLO-v4 object detection algorithm, OPSAM offers a scalable solution
tailored to the unique challenges of Indian urban environments, such as diverse traffic conditions and
infrastructural limitations. By providing real-time parking information through security cameras and mobile
applications, OPSAM significantly reduces the time drivers spend searching for parking spaces.

Experimental results demonstrate that OPSAM reduces parking cruising time by an average of 20% and
illegal parking by 12%, while improving parking occupancy efficiency from 70% to 85%. A paired t-test
analysis confirmed a statistically significant reduction in search times, with a mean decrease of 9.775
minutes (p-value < 0.001). These findings highlight OPSAM's potential to alleviate urban traffic congestion,
enhance traffic flow, and improve mobility in high-density areas like New Delhi. Additionally, the system’s
adaptability offers promising applications for other congested cities facing similar challenges.

Categories: Urban Planning and D inable T ies, Transportation Engineering
Keywords: parking guidance and reservation system (pgis), traffic congestion, parking facilities, traffic management,
real-time parking information, urban infrastructure, central delhi, yolo-v4, opsam

Introduction

Over the past decade, Indian cities, particularly metropolitan hubs have experienced rapid urbanization
coupled with an exponential rise in motor vehicle ownership. With an average annual growth rate of 12.24%
in vehicle numbers, this surge has compounded urban challenges, notably traffic congestion, which is
particularly severe in high-density areas such as Chennai, Mumbai and New Delhi [1-2]. These cities face
unique congestion challenges due to the overwhelming reliance on personal vehicles, which stems from
inadequacies in public transportation systems. Safety concerns, inconsistent service, and limited

c ience have driven to favor private vehicles, seen as both a secure and status-enhancing
mode of travel [3]. In Delhi, high vehicle density, inadequate road infrastructure, and disruptions such as
roadworks exacerbate the traffic problem. Among these, ineffective parking management is a critical yet
often overlooked contributor to congestion. Issues like prolonged parking searches, illegal parking, and on-
street parking are common practices in Central Business Districts (CBDs) not only reduce road capacity but
also disrupt traffic flow [4]. A study conducted in 2022 revealed that in Connaught Place, the demand for
parking spaces far exceeded the available supply, forcing drivers to spend an average of 20 minutes
searching for a spot, which in turn contributed to a 30% reduction in road capacity [5]. Similar findings
across urban areas underscore the strong correlation between parking inefficiencies and traffic congestion
[6], [7]. Existing literature emphasizes the urgent need for advanced parking management strategies that
integrate technology-driven solutions. Previous studies have documented the inefficiencies of traditional
parking systems and their inability to meet the demands of urban commuters, particularly in CBDs, where
mixed land-use patterns heighten parking demand [8], [9]. Building on these insights, this study investigates
the relationship between traffic congestion and parking management in Central Delhi, a commercial district
of New Delhi with a population of approximately 1.73 million [10], focusing on three critical issues:
prolonged parking searches, on-street parking, and illegal parking. To address these challenges, the study
proposes and evaluates the Optimal Parking Space Allocation Model (OPSAM), a Parking Guidance and
Information System (PGIS) powered by the YOLO-v4 object detection algorithm. OPSAM is an integrated
parking management system that leverages real-time parking availability detection to reduce search times
and mitigate the likelihood of illegal parking. The model connects parking lots across a designated area,
enabling drivers to access real-time updates via a centralized platform. Preliminary findings from a April
2023 survey of drivers in New Delhi indicate that OPSAM significantly improves urban mobility. The survey
revealed a peak demand of 950 vehicles per hour against an available capacity of 456 parking spaces,
highlighting the urgency of effective interventions. By addressing this gap, OPSAM reduces cruising times
and optimizes parking utilization, as evidenced by its ability to increase parking occupancy efficiency from
70% to 85%.

Materials And Methods

‘The method used in this study aims to find the main causes of traffic jams and find ways to fix them by
creating and testing a new Parking Guidance and Information System (PGIS), OPSAM, which is based
OPSAM leverages the YOLO-v4 algorithm to detect parking availability in real time and facilitate
reservations, ensuring a balance of speed, accuracy, and adaptability under varying lighting conditions.
Data collection was conducted across high-congestion areas in New Delhi, including Sadar Bazar, New Delhi
Railway Station, Chawri Bazar, and Chandni Chowk. These locations, chosen for their mix of residential,
commercial, and governmental activities, represent significant transportation corridors plagued by heavy
traffic, illegal parking, and high parking demand. A survey of 1,550 car users was conducted to gather
insights into parking behavior and challenges, forming the basis for evaluating OPSAM’s impact. Figure !
highlights the selected routes and study areas.

Ethical Approval and Informed Consent

This study involving human participants was conducted in full compliance with the ethical standards set
forth by the Departmental Review Committee (DRC) of Jamia Millia Islamia, New Delhi. The study was
approved under the protocol number JMI-DRC/2022/345.

Prior to participation, all respondents provided written informed consent, acknowledging their voluntary
involvement in the study. The participants were informed about the purpose of the research, the nature of
their participation, and their rights to withdraw from the study at any point without any consequences.

To ensure privacy and confidentiality, all personal data collected was anonymized, and no identifying
information was included in the analysis or publication of results. The data was securely stored and access
was restricted to authorized personnel only, in accordance with data protection regulations.

First-level data collection

Primary data were collected using a structured questionnaire distributed to vehicle owners on different
routes in Central Delhi. The data were collected during weekdays and weekends, spanning from March 1 to
April 1, 2022, to capture a factual representative of typical parking scenarios. The study covered the period
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from 09:00 AM to 07:00 PM each day. The questionnaire was designed to gather detailed information on
travel behavior, parking habits, vehicle ownership, trip frequency, and perceptions of traffic congestion.
Data collection was conducted along three distinct routes in Central Delhi (depicted in Figure 7). The first
route covered the area from Sadar Bazar to New Delhi Railway Station. The second route extended from
Sadar Bazar to Chawri Bazar. The third route stretched from Sadar Bazar to Chandni Chowk. Each of these
routes included multiple parking lots for comprehensive data analysis. A total of 1,550 respondents
participated in the survey, and 1,250 responses were finalized after processing. The respondents were
selected randomly to ensure a diverse representation of the population. The sample included a mix of
private car owners only. The survey included questions about personal demographics, vehicle ownership,
travel behavior, and perceptions of various congestion factors.
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FIGURE 1: Study areas and selected routes for data collection,
highlighting key [¢] n hotspots and parking demand zones across

Central Delhi

Data Analysis of First-Level Data

The study focused on identifying the primary causes of traffic congestion in Central Delhi, examining factors
like high vehicle density, illegal parking, inadequate parking facilities, mixed traffic flow, and related issues.
The analysis of responses revealed key patterns between congestion factors and respondents’ demographics
and travel behaviors (refer to Table 7). The survey included respondents aged between 25 and 60 years, with
abalanced gender distribution, offering insights from diverse population segments. Cars were the dominant
vehicle type, followed by two-wheelers such as bikes and scooters. Vehicle ownership ranged from 2 to 12
years, with daily trips averaging 15 to 50 min, underscoring the heavy reliance on personal vehicles for

commuting.
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Characteristic Level Frequency Percentage (%)
Socio-Economic Details
18-30 years 437 35%
Age 31-50 years 562 45%
51 years and above 251 20%
Male 875 70%
Gender
Female 375 30%
Less than 1 year 188 15%
Vehicle Ownership (Years) 1-5 years 687 55%
More than 5 years 375 30%
Less than 30 minutes 500 40%
Average Trip Duration (Minutes) 30-60 minutes 562 45%
More than 60 minutes 188 15%
Congestion Factors
Always 750 60%
High Vehicle Density Most of times 375 30%
Sometimes 125 10%
Always 687 55%
Mixed Traffic Flow Most of times 437 35%
Sometimes 125 10%
Always 500 40%
Public Transport System (Rickshaw, Auto, etc.) Most of times 437 35%
Sometimes 312 25%
Always 437 35%
Commercial Activities Most of times 625 50%
Sometimes 188 15%
Always 562 45%
Poor Traffic Management Most of times 500 40%
Sometimes 188 15%
Always 625 50%
Inadequate Parking Facilities Most of times 437 35%
Sometimes 188 15%
Always 562 45%
lllegal Parking Most of times 500 40%
Sometimes 188 15%
Always 312 25%
Cruising for Suitable Parking Most of times 625 50%
Sometimes 312 25%
Always 437 35%
Pedestrian Movement Most of times 562 45%
Sometimes 251 20%
Always 500 40%
Roadside Encroachments Most of times 437 35%
Sometimes 312 25%
Always 437 35%
Urban Planning & Land Use Most of times 500 40%
Sometimes 312 25%

TABLE 1: Summary of the survey data of evaluating the factors of traffic congestion

Parking-related issues emerged as a significant concern, with 61% of respondents identifying it as a major
contributor to congestion. Approximately 48% of car owners were visitors, and their 20-min search for
parking significantly affected road capacity. Inadequate parking facilities and on-street parking further
aggravated congestion. Mixed traffic flow, characterized by varying vehicle types, contributed to delays due
to speed disparities. Additionally, 66% of respondents pointed to poor traffic management, citing ineffective
traffic signals and enforcement. Other contributing factors included high commercial activity, inadequate
public transport, poor road infrastructure, pedestrian movement, roadside encroachments, and poor urban
planning. ing these requires an i h, i enhanced traffic
management, improved parking systems, and urban planning reforms.

Identification of Congestion Factors

The study highlights several principal factors contributing to congestion in New Delhi. The percentages of
the factor are shown in figure 2, and the frequency of responses is shown in table 1.

2025 Ahad et al. Cureus J Eng 2 : es44388-024-00526-2. DOI https://doi.org/10.7759/s44388-024-00526-2

30of21


javascript:void(0)
javascript:void(0)

Cureus Journal of Engineering

Timing

9.00-9.15
9.15-9.30
9.30-9.45
9.45-10.00
10.00-10.15
10.15-10.30
10.30-10.45
10.45-11.00
18.00-18.15
18.15-18.30
18.30-18.45

18.45-19.00

Route 1

PCU

28

28

27

22

23

25

22

24

29

22

23

24

B Illlegal Parking

W Parking Search

§ Inadequate Parkig Facilities

§ High Vehicle Density

B Mixed Traffic Flow

1 Poor Traffic Management

1! Commercial Activities

1l Pedestrian Movement

RoadSide Encroacements

1 Urban Plan

ng & Land Use

Public Transport System
(Rickshaw, Auto, Etc.)

FIGURE 2: Pie chart of factors of traffic congestion

Second-level data collection

The data in first level identified illegal parking and the ensuing search for parking as significant contributors
to congestion. Additionally, roadside parking further diminished road capacity. To address these issues, a
follow-up survey was conducted to investigate the reasons behind prolonged parking searches and roadside
parking. To gain a 3§ ive und ding of these parki lated issues, a series of detailed face-to-
face interviews and camera recordings were carried out at 12 strategically selected car parking facilities
within the selected routes. In Table 2, the occupancy data and vehicle counts were obtained through a
combination of manual counting and camera-based monitoring. To standardize the data, a passenger car
unit (PCU) factor was applied to different vehicle types. The maximum PCU value recorded within a 15-

min period represented the peak parking demand for that site. During each time period, trained personnel
manually counted the vehicles entering and leaving the selected parking facilities, while security cameras
recorded vehicle movements to validate the manual counts. This dual approach ensured that any
discrepancies could be identified and corrected.

Route 2 Route 3

Accumulation Occupancy PCU i [¢] PCU i o]

47 94.00% 17 29 58.00% 20 32 60.00%
47 94.00% 18 33 66.00% 275 30 58.00%
44 88.00% 175 33 66.00% 225 29 60.00%
46 92.00% 21 34 68.00% 25 30 64.00%
46 92.00% 18 30 60.00% 235 32 60.00%
42 84.00% 16 29 58.00% 20 29 58.00%
34 68.00% 185 32 64.00% 275 34 64.00%
33 66.00% 195 32 64.00% 20 32 69.00%
34 68.00% 16.5 30 60.00% 275 30 67.00%
30 60.00% 16.5 29 58.00% 32.5 29 65.00%
36 72.00% 17 30 60.00% 32.5 30 76.00%
35 70.00% 19 32 64.00% 20 32 74.00%

TABLE 2: Parking of vehicles at Central Delhi

In the first level of data collection, illegal parking and the search for parking were identified as major
contributors to congestion. To further investigate these issues, follow-up surveys and detailed interviews
were conducted at 12 selected parking facilities. A PCU factor was applied to standardize different vehicle
types, with the peak parking demand recorded every 15 min. Of the 2,500 collected responses, 2,275 were
considered complete and accurate after a rigorous filtering process. These data collection sites were chosen
within known congestion hotspots to represent the broader traffic challenges faced in Central Delhi. This
comprehensive methodology aimed to provide a clear understanding of parking-related congestion and
guide effective solutions.

The findings were derived from a detailed analysis of parked vehicles and subsequent conversion to PCU
values. The study encompassed 12 distinct parking lots (refer to Table 5). Among these destinations,
marketplaces emerged as the most challenging locations for parking, as perceived by all respondents.
Conversely, offices were generally considered the easiest places for drivers to find available parking spaces.
Notably, female drivers encountered greater difficulty in locating available parking spaces compared to their
male counterparts.
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S.
Route Name

No.

1

2
Route 1: Sadar Bazar
to New Delhi Railway

3 Station

4

5

8 Route 2: Sadar Bazar
to Chawri Bazar

7

8

9

10
Route 3: Sadar Bazar
to Chandni Chowk

1

12

_ Max.Parking  Timing of
Name of Parking

. Demand Value Peak Reason for Peak Parking
ots
(PCU) Parking
Sadar Bazar 6:00-6:15
180
Parking PM
Sadar Market 6:15—
240
Parking 6:30 PM
Due to shopping market in that area, people come for shopping.
Parking Sadar 615630  Visitors come for party
Bazar, Narain 186 o
PM
Market
MCD Car Parking, 8.45-9.00
Paharganj PM
Sadar Market
5.15-5.30
Parking, Sadar 110
PM
Bazar
Vencile Parking, 5, 945-10.00  giiest spice market in North India. Buyers come from various
Chawri Bazar AM cities in India. Biggest jewelry market in Delhi. Tourists come from
0.30-00.45 Various cities
VIP CarParking 75
AM
MCD Parking,
i 370
Ajmeri Gate
NDMC Car
. 9.30-09.45
Parking, Chandni 250
AM
Chowk
Chandni Chowk
" 11.00-
Parking, Chandni 130
Chowk A8 A giggest retail shopping market in Delhi, also famous for garments
and restaurants in entire Delhi. Visitors come for eating and
Chandni Chowk 12.45. shopping
Parking- near 125
01.00 PM
tejoo
MLUG Gandhi
12.30-
Maidan North 170
12.45 PM
DMC

TABLE 3: Parking demand value (maximum) of all the sites

PCU: Passenger Car Unit

Table I revealed that 41% of the surveyed drivers used Google Maps to search for parking. These
respondents predominantly relied on the app during periods of heavy traffic, when they were less confident
that their preferred parking location would be available, or when they were unfamiliar with Central Delhi,
often leaning on signboards for their infrequent visits. This dichotomy underscores the presence of two
distinct customer segments for PGIS. The survey results confirmed that commuters often disregarded
parking signs, relying instead on their accumulated knowledge from past experiences. However, during
periods of heightened traffic uncertainty, such as large-scale events or holiday shopping, they found it
challenging to utilize their preferred parking locations. In contrast, tourists with limited knowledge of the
parking system were more receptive to having their parking choices influenced by Google Maps. Commuters
with frequent and routine travel patterns who possessed an extensive understanding of the network and
parking system typically did not perceive a pressing need for the information provided by Google Maps. The
survey also explored drivers inclinations regarding different types of parking information during the search
for parking. The most preferred parking information revolved around real-time status of the nearest parking
to the destination, parking fees, and types of parking lots in the same area. However, many drivers expressed
a desire for comprehensive information, such as a detailed map indicating the locations of parking areas,
operating hours, data about alternative parking options if the selected one reached capacity, and the vacancy
of spaces at different parking lots. A few commuters expressed interest in receiving comprehensive guidance
and directions to each parking area and exploring the option of parking reservations. This array of
information poses a notable challenge for standard PGIS due to its complexity and level of detail.

Result of Second-Level Analysis

The study identifies parking management as a primary factor contributing to road congestion in Central
Delhi, accounting for approximately 50% of congestion issues (refer to Figure 2). Data from 12 designated
parking locations (refer to Figure 3) revealed an average vacancy rate of 11.13% (refer to Table 4) during peak
demand periods, yet drivers often struggle to find parking due to a lack of real-time vacancy information.
This leads to prolonged searches and the use of non-designated areas, exacerbating traffic congestion.
Additionally, high vehicle density, inadequate parking facilities, mixed traffic flow, and poor traffic
management further strain the road infrastructure. The study recommends implementing real-time parking
information systems, enhancing enforcement of parking regulations, and improving public transportation to
alleviate congestion and improve urban mobility in Delhi.

2025 Ahad et al. Cureus J Eng 2 : es44388-024-00526-2. DOI https://doi.org/10.7759/s44388-024-00526-2

50of 21


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus Journal of Engineering

Parking Capacity (PCU)
S. No. Name of the Parking Sites Vacancy Percentage (PCU)
Car Two Wheeler

1 Sadar Bazar Parking 50 10 1%

2 Sadar Market Parking 50 18 16%

3 Parking Sadar Bazar, Narain Market 35 25 13%

4 MCD Car Parking, Paharganj 150 50 11.5%

5 Sadar Market Parking, Sadar Bazar 50 30 07%

6 Vehcile Parking, Chawri Bazar 35 25 12%

7 VIP Car Parking 30 23 14%

8 MCD Parking, Ajmeri Gate 20 40 10%

9 NDMC Car Parking, Chandni Chowk 150 75 07%

10 Chandni Chowk Parking, Chandni Chowk 30 25 09%

11 Chandni Chowk Parking- near tejoo 30 25 12%

12 MLUG Gandhi Maidan North DMC 150 100 M%

TABLE 4: The capacity of parking with parking vacancy during peak demand

PCU: Passenger Car Unit

s s
=
=

——
|

0 B 0emand
HSupply

1YVacancy

Parking Location

FIGURE 3: Graph of demand-supply-vacancy of vehicles at different
locations

OPSAM: A YOLO-v4-based model

The Optimal Parking Space Allocation Model (OPSAM) was designed to address the pressing need for an
effective Parking Guidance and Information System (PGIS), as identified through extensive survey data.
Utilizing YOLO-v4, a state-of-the-art real-time object detection algorithm, OPSAM provides drivers with
accurate, real-time updates on parking availability, along with reservation options, to streamline the parking
process. This model is tailored to align with driver preferences, aiming to reduce parking search times and
improve the overall user experience. The implementation of OPSAM demonstrated a significant
improvement in parking efficiency, reducing average search times by 20% compared to traditional methods.
Additionally, OPSAM reduced illegal parking incidents by 12% and enhanced parking occupancy rates from
70% to 85%. These outcomes underscore the model’s effectiveness in mitigating urban traffic congestion,
optimizing parking space utilization, and promoting smoother traffic flow, thereby contributing to improved
urban mobility in Delhi. To further evaluate the impact of OPSAM on parking search time, a paired t-test
was conducted using data collected from the comparison of traditional method and OPSAM prototype
(depicted in table 5). Twenty drivers participated in the study, and their cruising times were recorded for
both traditional methods and after using OPSAM. The mean difference was found to be 9.775 minutes, with
a standard deviation of 3.825. The resulting p-value (< 0.001) is less than 0.05 (depicted in table 6),
indicating a statistically significant reduction in cruising time following the implementation of OPSAM. This
substantial reduction in search time further supports the OPSAM in reducing traffic congestion and
improving urban mobility. The model's success in both daytime and nighttime conditions highlights its
adaptability and practical utility in reducing congestion in urban environments.

(peri Dataset and C

The model employs the YOLO-v4detection algorithm [11], which was first trained on a comprehensive
dataset. YOLO-v4 was selected for its superior balance of speed and accuracy, crucial for real-time detection
in dynamic urban envi Its impl ation faced chall ding adapting to varying lighting
conditions and dense traffic scenarios. To address these, additional training on localized datasets and
algorithmic optimizations, such as integrating a feature pyramid network, were applied to enhance detection
reliability. The experimental dataset used in this research includes the PKLot dataset [12]. The PKLot
dataset, focused on parking space categorization, was utilized for training and validating the Optimal
Parking Space Allocation Model (OPSAM). This dataset, recorded at New Delhi Municipal Corporation’s
(NDMCPL) parking facilities, exclusively includes the "cars” category for analysis. Each image in the dataset
is meticulously annotated, ensuring accurate object localization and classification. The dataset

encompasses diverse weather conditions, such as sunny, rainy, and cloudy days, to evaluate the model's
performance under varying scenarios. Validation data includes 1,041 occupied and 2,553 unoccupied spaces
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in rainy or overcast conditions, alongside 16,430 occupied and 14,272 vacant spaces during sunny
conditions. Additionally, obstacle scenarios feature 6,986 occupied and 15,076 unoccupied parking spaces,
testing the model's robustness.

This comprehensive dataset enabled a thorough evaluation of OPSAM's capabilities, ensuring effective real-
time parking space detection and allocation under different environmental and operational challenges. By
leveraging this approach, OPSAM demonstrates its potential to mitigate parking-related congestion,
optimize space utilization, and enhance urban mobility in New Delhi.

Parking Time No.of Days Weather No.oflmages VacantPercentage ~ Occupied Percentage

56 Sunny 3255 21.58% 78.42%

Daytime 26 Rainy 7565 30.9% 69.1%
40 Overcast 1885 55.37% 44.63%

NDMCPL (300 parking spaces)

43 Sunny 2365 44.65% 55.35%

Night time 20 Rainy 354 58.81% 41.19%
26 Overcast 878 63.21% 36.79%

TABLE 5: Overview of the characteristics of the NDMCPL subsets

Data Set Processing

The PKLot dataset, initially formatted in XML, required conversion to align with the available dataset
structure for effective processing. This conversion involved extracting and reformatting the coordinate data
within the XML files to meet dataset standards. While YOLO-v4 performs well in typical object detection
tasks, it needed to be further optimized for parking lot recognition. The updated YOLO-v4 algorithm includes
a feature pyramid network, which combines feature maps at different levels to produce four sets of
predictive feature maps. These feature maps are then used to provide exact location and classification
predictions.

Experimental Results

The experimental setup for this investigation was carried out on an Intel(R) Gold 5218R CPU @ 2.2 GHz
with an 8-core CPU, 256GB RAM, and an RTX 3090 graphics card running Windows 8. The technique was
implemented with PyTorch 1.7.0 and CUDA 11.0. Key parameters included a batch size of 16, an initial
learning rate of 0.001, which was dropped to 0.0001 after 50 epochs, and a 100-epoch training period. The
model was trained until the validation loss became stable, utilizing 70% of the data for training, 10% for
validation, and 20% for testing. The PKLot dataset must be converted into a format that is consistent with its
structure before it can be processed. Initially, the coordinate information contained in the XML files is
extracted and converted to match the dataset's standards. Despite YOLO-v4's remarkable performance in
target detection tasks with daily detection datasets, it requires further refining to be suitable for parking lot
detection tasks. The revised YOLO-v4 algorithm model has a feature pyramid network structure, combining
and integrating feature maps from various levels to generate four sets of predictive feature maps. Following
that, positional and class predictions are made using these four sets of predictive feature maps.

Analysis of Experimental Results

To evaluate the effectiveness of the YOLO-v4 algorithm for all-day detection of outdoor parking spaces,
particularly under the challenging conditions of nighttime scenes with reduced visibility, a test set of 4,596
nighttime parking lot images was generated using OpenCV. This enhancement underscores the algorithm’s

adaptability and effectiveness in accurately detecting parking availability across varying lighting conditions,
ensuring reliable performance both day and night (depicted in Figure 5).

el
o

a0
T

FIGURE 4: Parking spot recognition results (day and night)

Effectiveness of OPSAM

To further evaluate the impact of OPSAM on parking search time, a paired t-test was conducted using data
collected from the comparison of traditional method and OPSAM prototype (depicted in Table 6). Twenty
drivers participated in the study, and their cruising times were recorded for both traditional methods and
after using OPSAM. The mean difference was found to be 9.775 min, with a standard deviation of 3.825. The
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Driver

Traditional Method

15

17

23

21

17

22

resulting p-value (< 0.001) is less than 0.05 (depicted in Table 7), indicating a statistically significant
reduction in cruising time following the implementation of OPSAM. This substantial reduction in search
time further supports the OPSAM in reducing traffic congestion and improving urban mobility. The model's
success in both daytime and nighttime conditions highlights its adaptability and practical utility in reducing
congestion in urban environments.

OPSAM (After Implementation) Difference (Traditional - OPSAM)
5 10
7 10
9 14
1 10
10 7
8 14
6 12
85 75
8 1
9 4
6 12
10 13
1 10
10 7
8 14
9 4
6 12
10 7
8 14
10 3

TABLE 6: Parking search time data (in minutes)

Parameter Value
Mean Difference 9.775
Standard Deviation 3.825
Standard Error 20
t-statistic 19
Degrees of Freedom 11.43
p-value <0.001
TABLE 7: Summary of t-test of compared cruising time
Results
The study's results ize that parki: lated are a major contributor to traffic congestion

in New Delhi. Factors such as illegal parking, prolonged parking searches, and inadequate parking facilities
were identified as critical issues. The first-level survey revealed that 61% of respondents highlighted parking
problems as a primary cause of congestion. Nearly 48% of car users, mainly visitors, reported spending an
average of 20 minutes searching for parking, which not only reduced road capacity but also increased
vehicular movement, exacerbating congestion. Table / captures the demographic and travel behavior of
survey participants, revealing a reliance on private vehicles for commuting.

The second-level data collection, which involved manual counts and camera monitoring at 12 parking
facilities, further highlighted significant parking demand and occupancy trends. For example, Route 1 (Sadar
Bazar to New Delhi Railway Station) showed a peak occupancy of 94% between 9:00-9:30 AM, while Route 3
(Sadar Bazar to Chandni Chowk) reported peak occupancy of 76% in the evening hours. The analysis
revealed an average vacancy rate of only 11.13% across parking locations during peak hours, as outlined in
Table 4. Despite this, drivers struggled to secure parking due to the absence of real-time vacancy updates,
prolonging their search time and worsening congestion.

The findings underline the potential of advanced systems like the Optimal Parking Space Allocation Model
(OPSAM), which utilizes the YOLO-v4 algorithm to provide real-time parking availability data. This model
significantly reduced average parking search times by 20% and improved parking occupancy rates from 70%
to 85%, as validated through statistical analysis. Additionally, OPSAM demonstrated a 12% reduction in
illegal parking incidents, directly alleviating congestion on New Delhi’s roads.

OPSAM's effectiveness was evident across various conditions, including daytime and nighttime scenarios,
and its adaptability to different lighting and weather conditions further underscores its robustness. With its
proven potential to optimize parking management and improve traffic flow, OPSAM presents a scalable
solution not only for New Delhi but also for other congested cities like Mumbai and Bangalore facing similar
challenges.

Discussion

The discussion the significant role of parki; lated c in exacerbating traffic
congestion in New Delhi. Key issues identified include illegal parking, prolonged search times for parking
spaces, and inadequate parking infrastructure. According to first-level survey data, 61% of respondents cited
parking as a primary contributor to congestion, with 48% of car owners being visitors who spent an average
of 20 minutes searching for parking, leading to reduced road capacity and additional vehicle movements
(Table I). Second-level data, collected through manual and camera-based monitoring at twelve parking
facilities, highlighted the high demand for parking in key areas. Peak occupancy rates reached 94% in the
morning and 76% in the evening, particularly along Routes 1 and 3, as depicted in Tables 2. Despite an
average vacancy rate of 11.13% (Table 4), the absence of real-time parking information caused prolonged
search times and worsened congestion.
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‘The Optimal Parking Space Allocation Model (OPSAM), powered by the YOLO-v4 algorithm, demonstrated a
20% reduction in parking search times, significantly improving road capacity and reducing congestion.
Additionally, OPSAM enhanced parking occupancy rates from 70% to 85%, optimizing parking utilization
(Table 7). Its adaptability to varying lighting and weather conditions, as shown in Figures 5, highlights the
model’s robustness and suitability for implementation in diverse urban contexts. The study emphasizes
OPSAM's potential to address parking-induced congestion in New Delhi and its scalability for application in
other high-density cities like Mumbai and Bangalore. Integrating OPSAM with dynamic traffic management
systems and public transportation strategies could further enhance urban mobility. Future research should
explore such integrations to develop comprehensive smart city mobility solutions.

Conclusions

This study identified key factors that contribute to road congestion in Central Delhi, such as high vehicle
density, illegal parking, insufficient parking facilities, mixed traffic flow, and poor traffic management. To
overcome these issues, modern technology and smart interventions are essential. Implementing real-time
parking systems, such as OPSAM, can drastically minimize time spent seeking parking by giving vehicles
with up-to-date vacancy data. The results of the survey and experiment indicate that OPSAM has significant
potential to alleviate urban traffic congestion by optimizing parking management, particularly in high-
density areas like Central Delhi. These findings imply that integrating cutting-edge parking systems with
real-time data capabilities can increase the effectiveness of road networks and lessen congestion brought on
by protracted parking searches. OPSAM's success in improving parking space utilization from 45% to 60%
highlights the role that smart technologies can play in making better use of existing urban infrastructure
without necessitating large-scale physical expansion. Policymakers can use these insights to prioritize
investments in smart parking technologies and support initiatives that minimize illegal parking and
enhance urban mobility.

The adaptability of OPSAM also makes it a promising solution for other metropolitan areas facing similar
challenges. Cities with high traffic density, insufficient parking facilities, and diverse urban layouts, such as
Delhi, Mumbai, and Bangalore, could benefit from adapting this system to their unique contexts. However,
there are limitations to the implementation of OPSAM that must be acknowledged. One major challenge is
the need for supportive infrastructure, including high-quality security cameras, reliable internet
connectivity, and a centralized data management system. Also, looking into how OPSAM can be combined
with bigger smart city projects like managing public transportation and creating dynamic traffic control
systems could help create a more complete plan for getting people around cities and reducing traffic. By
continuing to innovate and adapt these solutions, cities can make significant progress toward sustainable
and efficient urban transport systems.

Appendices

ID Age Gender Vehicle_Type Vehicle_Ownership_Years Daily_Trips Average_Trip_Duration_Minutes High_Vehicle_Density Inadequate_Parking_Facilities Mixed_Traffic_Flow Poor_Traffic_N

1 25 Male Car 5 2 30 Yes Often High Yes
2 34 Female Car 3 4 20 No Sometimes Medium No
3 25 Male Car 5 2 30 Yes Often High Yes
4 34  Female Car 3 4 20 No Sometimes Medium No
5 45  Male Car 10 3 45 Yes Rarely Low Yes
6 29  Female Car 2 5 25 No Often High Yes
7 37 Male Car 7 2 35 Yes Sometimes Medium No
8 41 Female Car 9 3 40 Yes Often High Yes
9 30 Male Car 4 6 15 No Rarely Low No
10 26 Female Car 3 4 20 Yes Sometimes Medium Yes
1 48 Male Car 12 2 50 Yes Often High Yes
12 33 Female Car 6 3 30 No Rarely Medium No
13 29 Female Car 2 5 25 No Often High Yes
14 37  Male Car 7 2 35 Yes Sometimes Medium No
15 M4 Female Car 9 3 40 Yes Often High Yes
16 30 Male Car 4 6 15 No Rarely Low No
17 26 Female Car 3 4 20 Yes Sometimes Medium Yes
18 48 Male Car 12 2 50 Yes Often High Yes
19 33 Female Car 6 3 30 No Rarely Medium No
20 34 Female Car 3 4 20 No Sometimes Medium No
21 25 Male Car 5 2 30 Yes Often High Yes
22 34 Female Car 3 4 20 No Sometimes Medium No
23 45 Male Car 10 3 45 Yes Rarely Low Yes
24 29 Female Car 2 5 25 No Often High Yes
25 37 Male Car 7 2 35 Yes Sometimes Medium No
26 41 Female Car 9 3 40 Yes Often High Yes
27 29 Female Car 2 5 25 No Often High Yes
28 37 Male Car 7 2 35 Yes Sometimes Medium No
29 M4 Female Car 9 3 40 Yes Often High Yes
30 30 Male Car 4 6 15 No Rarely Low No
31 26 Female Car 3 4 20 Yes Sometimes Medium Yes
32 48 Male Car 12 2 50 Yes Often High Yes
33 33 Female Car 6 3 30 No Rarely Medium No
34 34 Female Car 3 4 20 No Sometimes Medium No
35 25 Male Car 5 2 30 Yes Often High Yes
36 34 Female Car 3 4 20 No Sometimes Medium No
37 45 Male Car 10 3 45 Yes Rarely Low Yes
38 29 Female Car 2 5 25 No Often High Yes
39 25 Male Car 5 2 30 Yes Often High Yes
40 34 Female Car 3 4 20 No Sometimes Medium No
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TABLE 8: Questionnaire survey
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