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Abstract— The rapid increase in vehicle
ownership in urban areas has significantly
intensified parking-related challenges, including
traffic congestion, increased fuel consumption,
extended search time, and driver frustration.
Conventional parking systems, which rely on
manual monitoring and lack real-time occupancy
information, are often inefficient and prone to
errors. To address these limitations, this paper
presents an efficient and scalable real-time smart
parking system based on computer vision and
machine learning techniques. The proposed
system utilizes CCTV cameras for continuous
monitoring of parking spaces and employs
OpenCV-based image processing for frame
extraction,  preprocessing, and  feature
enhancement, including grayscale conversion,
noise  reduction, and segmentation. A
Convolutional Neural Network (CNN) model is
trained to accurately classify parking spaces as
occupied or vacant by learning hierarchical visual
features. The processed occupancy information is
integrated into a web-based dashboard that
provides real-time parking availability to users.
Experimental evaluation demonstrates that the
proposed system achieves high performance, with
an accuracy of 96.8%, along with strong
precision, recall, and F1-score metrics, indicating
reliable detection capability under varying

conditions. The system effectively reduces
parking search time, minimizes traffic
congestion, and improves parking space
utilization, thereby contributing to the

development of intelligent transportation systems
and smart city infrastructure.
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INTRODUCTION
Traffic management and parking infrastructure
are facing major challenges as a result of the fast
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growth of urban populations and the notable rise
in private vehicle ownership. One of the most
frequent problems faced by car owners in
contemporary cities is the challenge of quickly
locating a parking spot. In business districts,
shopping centres, hospitals, colleges, office
buildings and residential areas drivers frequently
spend several minutes looking for open parking
spaces. Increased

traffic congestion, excessive fuel consumption
driver annoyance and environmental pollution are
all consequences of this pointless searching.
Conventional ticketing techniques and manual
monitoring are the mainstays of traditional
parking management systems.

Parking attendants or security guards are in
charge of directing cars and keeping an eye on
parking occupancy in such systems. Nevertheless,
these approaches are laborious ineffective and
prone to human error. Drivers frequently move
needlessly within congested parking areas
because they are unaware of parking availability
until they actually enter the lot. Smart parking
systems have been introduced as a contemporary
approach to intelligent parking management in
order to get around these restrictions.

The goal of smart parking systems is to give
drivers up-to-date information about the
availability of parking spaces so they can find
open spots fast and effectively. Hardware sensors
like magnetic infrared or ultrasonic sensors that
are placed in each parking space are frequently
used in current smart parking systems. These
systems offer precise parking detection but they
are expensive to install require frequent
maintenance have complicated wiring and have
scalability issues.

A more affordable and scalable option is offered
by computer vision-based parking systems which
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make use of already-existing CCTV security
cameras. Rather than placing physical sensors in
all parking space cameras are used to
continuously monitor parking lots and record
video or take pictures. The parking occupancy
status is automatically determined by analysing
these visual inputs using image processing and
machine learning techniques. In terms of object
detection 1image classification and scene
comprehension computer vision has made
impressive strides. Computer vision algorithms
can recognise cars, identify parking boundaries
and categorize parking spaces as either occupied
or unoccupied in parking applications. By
enabling automatic feature learning and
classification from parking photos machine
learning techniques further enhance system
performance.

The goal of the proposed study is to use computer
vision and machine learning techniques to create
a real-time smart parking system. The system
takes real-time pictures of parking lots using
CCTV cameras. OpenCV libraries are used to
perform grayscale conversion, image resizing,
thresholding contour detection and noise
reduction on these images. Every parking space is
examined separately and parking areas are
predetermined. To classify parking occupancy a
Convolutional Neural Network (CNN) model is
employed. Because CNN models automatically
extract hierarchical visual features like edges,
textures, shapes and object patterns they are very
effective for image recognition tasks. In this study
labelled parking photos with both occupied and
empty spaces are used to train the CNN model.
The information about classified parking is shown
on an online dashboard. Before entering the
parking, lot users can use the dashboard to see the
availability of parking spaces in real time.

This feature makes parking searches faster and
more convenient for users. Furthermore, by
facilitating intelligent transportation
management, the suggested system supports
smart city initiatives. It can be used in a variety of
settings, including shopping malls airports, train
stations, hospitals, schools and corporate offices.
As cities move toward digital infrastructure and
smart mobility solutions real-time parking
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detection systems are becoming more and more
crucial. By making parking operations more
dependable, efficient and wuser-friendly, the
integration of computer vision and machine
learning in parking management has the potential
to completely transform urban transportation. As
a result, this study offers an intelligent scalable
and economical parking management system that
can be implemented in the real world.

2. LITERATURE SURVEY

Numerous studies have been conducted in the
field of smart parking systems to improve parking
efficiency and reduce urban traffic congestion.
Researchers have explored various technologies
such as sensor networks, image processing,
machine learning, deep learning, and loT-based
frameworks to develop intelligent parking
solutions.

Amato et al. proposed one of the earliest deep
learning-based parking occupancy detection
systems using Convolutional Neural Networks.
Their work demonstrated that CNN architectures
can effectively classify parking spaces using
visual information extracted from parking lot
images. The model achieved high accuracy but
required a substantial amount of training data for
optimal performance.

Nieto et al. introduced a vision-based parking
management framework using image
segmentation and contour analysis techniques.
Their method focused on extracting parking slot
boundaries and detecting vehicle presence
through edge information. The system showed
promising results but was sensitive to shadows
and illumination changes.

Moussa developed an image processing-based
smart parking system using machine learning
algorithms. The proposed approach utilized
feature extraction techniques such as Histogram
of Oriented Gradients (HOG) and texture
descriptors for parking slot classification.
Experimental results demonstrated reliable
parking occupancy detection under controlled
conditions.

Lin et al. proposed an IoT-enabled smart parking
system integrated with cloud computing services.
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Their framework combined sensor data with
computer vision modules to provide real-time
parking information. Although the system offered
scalability, the infrastructure cost was relatively
high due to hardware dependencies.

Khan et al. introduced a YOLO-based vehicle
detection model for parking occupancy analysis.
YOLO provided fast, real-time object detection
performance and accurately identified parked
vehicles within designated parking regions.
However, the system occasionally encountered

challenges in densely packed parking
environments.
Rahman et al. utilized transfer learning

techniques for parking occupancy detection. They
applied pretrained CNN models such as VGG16,
ResNet, and MobileNet for feature extraction and
classification. Transfer learning significantly
improved classification accuracy while reducing
training time.

Sharma et al. proposed a cloud-based smart
parking management system integrated with
mobile applications. Their system enabled users
to locate, reserve, and navigate to parking spaces
using smartphone applications. This improved
user convenience but required continuous internet
connectivity.

Wang et al. developed a parking occupancy
prediction model using recurrent neural networks.
Their research focused on forecasting parking
availability based on historical occupancy
patterns. The system supported predictive parking

management but required large historical
datasets.
Patel et al. implemented a smart parking

framework using OpenCV and Support Vector
Machines. Their approach involved extracting
image features and classifying parking occupancy
using machine learning techniques. The system
performed well in standard lighting conditions but
was less robust at night.

Gupta et al. proposed an automated parking
monitoring system using background subtraction
and morphological operations. Their image
processing-based  solution  provided low
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computational complexity but lacked adaptability
to dynamic environmental conditions.

Recent studies increasingly emphasize the use of
deep learning architectures due to their superior
performance in visual recognition tasks. CNN
models automatically learn robust visual features
from parking images, making them more reliable
than handcrafted feature extraction methods.

Despite considerable progress, existing smart
parking systems still face limitations such as
lighting sensitivity, occlusion handling, weather
variations, and scalability challenges. Many
systems rely on expensive hardware or complex
sensor installations.

The literature clearly indicates that computer
vision combined with machine learning offers a
promising and cost-effective approach for real-
time parking occupancy detection. The proposed
research builds upon these findings by developing
a camera-based parking management system that
minimizes infrastructure cost while maintaining
high accuracy and real-time performance.

This study contributes to the growing field of
intelligent transportation systems by providing a
scalable solution for modern urban parking
management.

3. MATHEMATICAL MODEL

The mathematical representation of the proposed
smart parking system is described as follows.

The input parking image is represented as:

Ie RHXWXC _______ (1)

where H and W denote image height and width,
respectively, while C represents colour channels.

The preprocessing function is expressed as:

I, =f)—--(2)
where I,denotes the preprocessed image after
conversion, and noise

grayscale resizing,

filtering.
The set of parking slots is defined as:

S ={51,52,83, .-, 5n}
where each s;represents an individual parking
slot, and n denotes the total parking slots.
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The occupancy classification function is defined
as: yi=9()——-3)

where y; = lindicates an occupied parking slot
and y; = Oindicates a vacant parking slot.

Model accuracy is calculated as:

TP +TN

Accuracy = p T TN + FP 1 FN
where TP represents true positives, TN represents

true negatives, FP represents false positives, and
FN represents false negatives.

X100 — —(4)

Vacancy percentage is determined by:

N,
p,=—2
v Nt

where N, is the number of vacant parking spaces
and N,is the total parking capacity.

x 100 — —(5)

The final output is represented as:

0 = {Availability, Accuracy,Vacancy Percentage}

4. METHODOLOGY

The suggested smart parking system consists of
multiple successive stages for accurate real-time
parking occupancy detection. Initially, CCTV
cameras installed in strategic locations take
constant pictures of parking lots. The video
stream is divided into distinct frames by the
computer vision module.

To improve image quality and reduce noise,
preprocessing techniques are applied to the
recorded frames. The preprocessing step includes
thresholding to separate objects resizing images
to consistent dimensions and converting RGB
images to grayscale format using a Gaussian blur
to reduce noise. After preprocessing, parking
spaces are segmented wusing predefined
coordinates. Each parking area is extracted
independently for occupancy analysis.

Feature extraction techniques are used to identify

relevant visual elements such as edges contours
pixel intensity variations and texture patterns.
Convolutional Neural Network models are
trained using parking photos with labels. CNN
automatically learns to distinguish between
occupied and empty parking spaces. During
inference pictures of extracted parking spots are
fed into the trained model for classification.
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The occupancy results are compiled and
displayed using an online dashboard. The
availability of parking is visible to users. The
dashboard also provides vacancy percentages and
slot count summaries. This workflow allows for
efficient parking management without requiring
expensive sensor installations.

5. RESULT AND DISCUSSION

The proposed smart parking system was
evaluated using multiple parking datasets
collected under different lighting and weather
conditions. The system successfully detected
occupied and vacant parking slots with high
accuracy.

Experimental results indicate that the CNN model
achieved an overall accuracy of 96.8% for
parking occupancy detection. Precision and recall
values were also high, demonstrating reliable
classification performance.

The model performed effectively during daytime
conditions with clear visibility. ~Minor
performance degradation was observed during
nighttime and rainy conditions due to reduced
image clarity and shadow interference.

The web dashboard successfully updated parking
status in real time with minimal latency. Users
could quickly identify available parking spaces,
reducing search time significantly.

The results validate the effectiveness of computer
vision-based parking systems for practical
deployment in real-world parking environments.

Performance metrics obtained are as follows:

Accuracy: 96.8%
Precision: 95.9%
Recall: 95.2%

F1 Score: 95.5%

The system demonstrates strong potential for
large-scale smart city parking applications.

Parking Slot Detection Output

In this section, explain how the system detects
individual parking spaces from the input parking
lot image.
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Image Acquisition using OpenCV

The proposed smart parking system begins by
capturing parking lot images using surveillance
cameras installed at strategic locations. OpenCV
library is used for real-time image acquisition and
frame extraction. OpenCV provides functions for
accessing live video streams and converting them
into individual frames for processing.

The captured images are stored as digital matrices
where each pixel contains colour intensity
information. These images serve as the input for
further parking occupancy analysis.

In this research, OpenCV’s Video Capture ()
function is used to retrieve frames from CCTV
cameras. Each frame is resized to a standard
resolution to reduce computational complexity
and improve processing speed.

The captured parking images contain multiple
parking slots, vehicles, shadows, and background
objects. Therefore, preprocessing is required
before occupancy detection.

Figure to add:
Parking lot camera image.

Caption:
Fig 1: Input Parking Image Captured using
OpenCV

B. Image Preprocessing using OpenCV

Image preprocessing is an essential stage for
improving parking occupancy detection accuracy.
OpenCV libraries are used to perform multiple
preprocessing operations.

Initially, the RGB parking image is converted into
grayscale format using:

cv2.cvtColor(image, cv2.COLOR BGR2GRAY)

Grayscale conversion reduces image
dimensionality from three channels to one
channel, thereby lowering computational cost.

Gaussian blur is then applied to remove image
noise and smooth intensity variations:

cv2.GaussianBlur(grey, (3,3), 1)

Thresholding is used to separate vehicles from
parking background:
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cv2.adaptiveThreshold()

Dilation is applied to enlarge detected vehicle
regions and improve contour extraction.

These preprocessing steps improve feature
visibility for CNN classification.

1. Original Image (RGB) . Grayscale Image

4. Thresholded Image (Binai

3

Figure: Image Processing Steps using OpenCV

D. CNN-Based Parking Occupancy Classification

After slot extraction, each segmented parking
image is passed to the CNN classifier.

The CNN architecture consists of multiple layers:
1. Convolution Layer

The convolution layer extracts low-level visual
features such as edges, corners, textures, and
vehicle boundaries.

Mathematically:

Feature Map = Input x Kernel
The filters slide over the parking image and detect
relevant spatial patterns.

2. Padding

Padding is used to preserve image dimensions
after convolution.

Without padding:

Output = Input — Filter + 1
With padding:

W —F+2P
—+1

Output =
utpu S

Where:
e W =Input width
F = Filter size
P = Padding
e S =Stride
Padding adds zeros around image boundaries.
Example:

92



Zhuzao/Foundry[ISSN:1001-4977] VOLUME 29 ISSUE 5

CNN ARCHITECTURE FOR PARKING OCCUPANCY CLASSIFICATION

Original matrix:

123
456
789

After padding:

00000
01230
04560
07890
00000

This prevents information loss at edges.
3. ReLU Activation
ReLU introduces non-linearity:

f(x) = max(0,x)
Negative values are converted to zero.

This improves learning efficiency.

4. Max Pooling
Pooling reduces feature dimensions.
Example:
Input:

24

57

Output: 7
Pooling preserves strongest features while

reducing computation.
5. Flatten Layer
Feature maps are converted into 1D vectors

before dense classification.

6. Fully Connected Layer
Final classification is performed into:

e Occupied
e Vacant
Output:

y = softmax(z)

The model
probability.

predicts parking occupancy
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Fig 5: CNN Architecture for Parking Occupancy Classification
E. Model Performance Analysis

The CNN model achieved strong classification
performance.

|Metric HValue ‘
|AccuracyH96.8%‘
[Precision|[95.9%|
Recall  [95.2%)
[F1 Score |[95.5%]

The training accuracy increased steadily over
epochs, while loss values decreased significantly.

This indicates proper convergence and successful
model learning.

Training and Validation Loss

P

.
Loss

5 10 15 20
Epach

(a) Accuracy Graph

Epoch
{b) Loss Graph

Fig 6: Training Accuracy Graph
Fig 7: Training Loss Graph

F. Confusion Matrix Analysis

The confusion matrix evaluates classification
correctness.

‘Actual/Predicted‘ ‘OccupiedHVacant|
Jas 4|
E 38|

‘Occupied

‘Vacant

The model correctly classified most parking
spaces with very low misclassification.
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Confusion Matrix (Heatmap)

Number of Samples

140

Actual Label

Occupied Vacant -0
Predicted Label
| Aonuracy:06.80% | Procision: 8500% | Recall 9520% | F1-Score 550% |

Fig 8: Confusion Matrix for CNN Classifier

G. Final Dashboard Output

The final output is displayed through a web
dashboard.
The dashboard shows:
e Total slots
e Occupied slots
e Vacant slots
e Availability percentage
Example:
Total Slots: 50
Occupied: 31
Vacant: 19
Availability: 38%

6. CONCLUSION

This study presented a Real-Time Smart Parking
System that intelligently detects parking
occupancy through computer vision and machine
learning. The proposed system uses OpenCV-
based image processing CNN classification
models and CCTV cameras to automatically
determine parking availability.

The system eliminates the need for costly sensor
installations and offers accurate real-time parking
updates. Experimental results validate high
accuracy and dependable performance in a range
of parking scenarios. The recommended approach
increases parking efficiency, reduces traffic
minimizes fuel waste and enhances user
experience.

Future work could include cloud-based analytics
for broad deployment parking reservation
systems, mobile application integration and
license plate recognition.
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