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Abstract- The rising number of cars in urban areas, caused traffic congestion, poor utilisation of parking spaces and 
increased pollution. Parking Space Detection Systems (PSDS) provide an answer to these challenges. In this report we will 
conduct a complete analysis of PSDS as provided by the OpenCV, an open-source computer vision library. The details of 
techniques, algorithms and methods used in the OpenCV PSDS system, will also include: image processing, object 
detection, and machine learning. Using PSDS technology users can find parking lots, determine whether the parking lot has 
available spaces and make or cancel reservations as desired. This in turn, leads to reductions in the number of vehicles 
searching for available parking spaces and thereby contributing to lower traffic congestion in metropolitan areas. 
Keywords: Smart parking systems, Parking slot identification, OpenCV, Computer vision techniques, Digital image 
processing, Vehicle detection, Machine learning. 

 

1. INTRODUCTION 

1.1 The Importance of Smart Parking Management 

Parking management is now extremely difficult due to 
the fast rate of urbanization and the growing number of 
cars on the road. Ineffective parking systems cause traffic 
jams, wasteful fuel use, and pollution in crowded cities 
across the globe. Conventional parking management 
relies on sensor-based technologies or human 
supervision, both of which frequently fall short of 
offering real-time parking space availability information. 
Drivers become frustrated and put more burden on 
municipal infrastructure as a result of spending too much 
time looking for open parking spaces. 
 
In order to maximize space utilization and enhance traffic 
flow, cities must implement smart parking solutions as 
vehicle ownership continues to rise, especially in densely 
populated urban areas. Parking management systems that 
incorporate computer vision and artificial intelligence 
have shown themselves to be revolutionary. By enabling 
automated parking space detection, monitoring, and 
management, these technologies help to reduce traffic 
and emissions. Operational expenses. These issues can 
be resolved by a well-designed Parking Space Detection 
System (PSDS) employing OpenCV, which provides 
real-time monitoring and data analytics. Furthermore, 
improper use of parking spaces can affect commercial 
and business areas by decreasing customer accessibility 
and raising the need for future planning. Automated 
vehicle identification ensures seamless parking 
operations in both the public and private sectors.  

 
1.2 Use of OpenCV for Parking Space Detection 

Systems 

     A potent and affordable tool for creating Parking 
Space Detection Systems (PSDS) is OpenCV (Open-
Source Computer Vision Library). Developers may 
create reliable and effective parking management 
systems with OpenCV's extensive library of image 
processing, object detection, and machine learning 
algorithms. OpenCV-based PSDS use existing 
surveillance cameras to evaluate and identify available 
and occupied parking spaces in real time, in contrast to 
typical sensor-based parking systems that demand a 
substantial hardware investment.  
 
     OpenCV's adaptability to various system designs is 
increased by its compatibility with several programming 
languages, such as Python, C++, and Java. Parking spot 
identification may be made even more accurate and 
automated by integrating OpenCV with machine 
learning and deep learning models. OpenCV can identify 
cars, ascertain if a parking space is occupied or not, and 
give consumers real-time updates by examining video 
feeds. This method greatly lessens the need for human 
intervention, increasing parking management's accuracy 
and efficiency.  

     Cities may advance toward more intelligent and 
sustainable urban mobility solutions by automating 
parking space identification with OpenCV. In addition to 
improving parking efficiency, the installation of such 
devices will lessen fuel use, traffic jams, and 
environmental effects. Researchers, developers, and 
legislators interested in advancing OpenCV-based smart 



ISSN: 3107-6513 International Journal of Advanced Multidisciplinary Research and Educational Development 
Volume 2, Issue 2 | March – April 2026 | www.ijamred.com 

 
 
 

 

429 
 

parking technology will find this paper to be a useful 
resource.  
 

2. LITERATURE SURVEY 

       Conventional parking systems handle parking 
spaces manually, which is frequently ineffective and 
error-prone. Due to the lack of real-time monitoring 
capabilities, these systems require more time to find 
parking spots and use more gasoline.  
By utilizing cutting-edge technology like computer 
vision, wireless sensor networks, and the Internet of 
Things, smart parking systems have completely changed 
parking management. Drivers can effectively find and 
reserve parking spaces thanks to these systems' real-time 
data on parking space availability.     
      OpenCV has been used for parking spot detection in 
a number of research. For example, suggested a vision-
based method for real-time parking space detection using 
OpenCV. [2] presented a machine learning-based 
approach for classifying and detecting vehicles using 
OpenCV. More recently, [3] investigated how deep 
learning and OpenCV could be combined to increase 
parking space recognition accuracy.  
 

3. FUNCTIONING OF SMART PARKING SPACE 
DETECTION SYSTEM 

1. Parking Space Search and availability 

      The user can utilize a web-based interface or mobile 
application to find the closest parking spot before 
arriving at the lot. The system uses OpenCV-based image 
processing from security cameras to give real-time data 
on available and occupied parking spaces. The user can 
select a parking lot based on availability, proximity, and, 
if relevant, cost using this information. Once an 
appropriate parking lot has been picked, the application 
might additionally include navigation support to make it 
easier for the user to go to the desired parking spot. 
 
 
2. Vehicle and Parking Slot Detection in Real-Time 

     The parking lot is constantly monitored by high-
resolution security cameras. OpenCV algorithms are 
used to process the camera feeds, analyzing video frames 
to identify available spaces and parked cars. Using 
image-processing techniques like edge detection to 
detect automobile boundaries, color segmentation to 
separate cars from empty areas, and optional machine 
learning models to improve detection accuracy, the 
system distinguishes between occupied and vacant spots. 
After processing, the data is transmitted to a central 
server, which instantaneously updates the user interface 
(UI) to show available parking spaces. 
 
3. Parking Lot Arrival 

    When the user gets to the parking lot, they follow 
instructions from the app or the screens at the entry. The 
user may be guided to the closest available parking space 
using the system's automatic space allocation feature. 
License plate recognition (LPR) is one example of an 
advanced solution that can automatically register a 
vehicle's entry and improve security by prohibiting illicit 
parking. The technology updates the database to indicate 
that the space is occupied once the car is parked in the 
designated or chosen position. 
 
4. User Checkout and Departure 

       When the user is prepared to depart, they have a 
number of options for completing the payment, including 
automatic payment booths at the parking lot exit, QR 
code scanning connected to internet payment, and a 
mobile payment gateway built into the app. The system 
marks the parking spot as available in the database after 
the payment has been verified. The exit barrier may open 
automatically for the registered car if license plate 
recognition is used, making the exit process smooth. The 
user can also monitor their parking usage over time by 
using the system's analytics, receipts, and parking 
duration statistics. 
 
 (1) Compact Smart Parking Flowchart 
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4. COMPUTER VISION BASED PARKING 
DETECTION SYSTEM 

4.1 Concept of OpenCV  

     A variety of algorithms for image processing, object 

detection, and machine learning are available in the 

open-source computer vision library OpenCV. It is a 

flexible tool for creating PSDS since it supports several 

computer languages, such as Python, C++, and Java.. It 

enables fast processing, making it suitable for real-time 

applications like smart parking systems. OpenCV 

integrates well with machine learning and deep learning 

frameworks. 

4.2 Visual Image Processing Techniques  
     Image processing is a crucial component of OpenCV-
based PSDS. Techniques like edge detection, 
thresholding, and image filtering are commonly used to 
pre-process images and extract relevant properties. These 
methods aid in defining the limits of parking spaces and 
differentiating between occupied and empty spots. While 
thresholding distinguishes foreground items from the 
background, edge detection draws attention to object 
outlines. The accuracy and dependability of the parking 
space recognition system are increased by image 
preprocessing, which also increases robustness against 
changes in lighting and shadows. 
 
4.2.1 Enhancement of Images 
       Image enhancement methods like Gaussian blur and 
median blur are used to reduce noise and enhance image 
quality. While maintaining crucial structural elements in 
the picture, these filters assist in eliminating undesired 
disturbances brought on by shadows, lighting changes, 
and camera noise. While Gaussian blur smoothes the 
image by lowering high-frequency fluctuations, median 
blur is especially good at removing salt-and-pepper noise 
without blurring edges. These preprocessing methods 
greatly increase the precision and dependability of later 
processing steps including segmentation, feature 
extraction, and parking spot recognition by improving 
image clarity and consistency [4]. 
 
4.2.2 Boundary Detection Techniques 
       To determine the borders of objects within images, 
edge detection techniques like Canny and Sobel are 
employed. These techniques draw attention to variations 
in intensity that line up with car outlines and parking spot 
indicators. While the Canny technique uses multi-stage 
processing to enable precise and noise-resistant edge 

identification, the Sobel operator computes gradient 
information to highlight edges. The accuracy of the 
parking space recognition system is enhanced by edge 
detection, which plays a critical role in identifying 
whether a parking space is occupied or vacant by 
precisely defining object boundaries [5]. 
 
4.2.3 Image Binarization 
        Binarization is the process of turning grayscale 

photographs into binary images so that foreground and 

background parts can be distinguished easily, making 

object detection easier. This method emphasizes key 

elements while simplifying the image. Because adaptive 

binarization modifies threshold values based on local 

picture regions, it improves detection accuracy in real-

time parking situations, making it particularly useful 

under changing illumination conditions [6]. 

4.3 Methods for Object Detection 
     An essential part of OpenCV-based PSDS is object 
detection. For vehicle detection, approaches like Haar 
cascades, HOG (Histogram of Oriented Gradients), and 
deep learning-based techniques are frequently employed. 
By examining shape, texture, and gradient 
characteristics, these methods allow the system to 
recognize and locate cars inside parking spaces. While 
deep learning models give more accuracy in complicated 
circumstances, traditional approaches such as Haar and 
HOG offer reduced complexity and faster calculation. 
Combining these methods allows the system to 
efficiently calculate parking occupancy in real time, even 
in a variety of environmental circumstances. 
 
4.3.1 Haar Cascades  
          Haar cascades are machine learning-based 

techniques for object detection that employ a number of 

classifiers to identify things in pictures. To identify 

particular characteristics of the target item, such as cars 

in parking spaces, these classifiers are trained on both 

positive and negative data. Haar cascades are perfect for 

systems that need quick processing, such smart parking 

detection, since they are computationally economical 

and appropriate for real-time applications. Haar cascades 

help increase identification speed without appreciably 

sacrificing accuracy by swiftly rejecting non-object 

regions and concentrating processing on likely object 

locations [7]. 

 

4.3.2 HOG (Histogram of Oriented Gradients)  
       A feature descriptor for object detection called the 
Histogram of Oriented Gradients (HOG) splits an image 
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into tiny cells and calculates gradient orientations to 
describe local objects, like cars in parking spots. Unlike 
Haar cascades, HOG is durable under different lighting 
and views and works well for objects with well-defined 
edges. It also catches generalizable gradient patterns. For 
real-time car detection in OpenCV-based parking 
systems, HOG is frequently paired with classifiers like 
SVMs to achieve a decent balance between accuracy and 
computing economy. [8] 
4.3.3 Deep Learning-Based Methods  
       In object detection tasks, deep learning-based 
techniques like SSD (Single Shot Detector) and YOLO 
(You Only Look Once) have shown impressive results. 
These methods enable precise car recognition even in 
congested or messy parking lots by using convolutional 
neural networks (CNNs) to automatically learn and 
extract complicated information from photos. While 
SSD predicts item locations and classes in a single 
forward pass, balancing efficiency and accuracy, YOLO 
processes the entire image in a single pass, enabling real-
time detection with high speed. [9] 
 
4.4 Performance in Real-Time Scenarios 
     By utilizing effective algorithms and hardware 
acceleration, OpenCV-based PSDS can attain real-time 
performance. However, deep learning-based approaches' 
computing demands make them difficult to apply in 
settings with limited resurces [11].  
 

 
      Fig (1)Empty Area 

  
  

Fig(2)Detection of vechicles 
 

5. TYPES OF SMART PARKING SYSTEMS  
 

5.1 Parking Based on Sensors 
          Sensor-based parking systems identify potential 
parking spots and barriers using tools like proximity, 
ultrasonic, or infrared sensors. They can be used with 
parking guidance systems to increase efficiency and give 
drivers immediate feedback. In small to medium-sized 
parking lots, these systems are typically inexpensive and 
simple to install.  
 
 
5.2 Parking Based on Vision 
          To monitor parking spots, vision-based parking 
systems use cameras and computer vision methods. The 
system can precisely identify occupied and vacant 
locations thanks to techniques including image 
processing, edge detection, HOG, Haar cascades, and 
deep learning. These systems can provide extra 
information such vehicle type or position and can cover 
wide regions without the need for many sensors. 
 
5.3 IOT Based Parking 
         IoT-enabled parking allows for real-time parking 
space monitoring by integrating smart sensors, cameras, 
and network devices. Space reservations, occupancy 
tracking, and payment administration are all made 
possible by users' remote access to information via 
mobile apps or web platforms. Additionally, IoT systems 
enable data analytics to enhance overall administration 
and maximize parking usage. 
 

6 .PROPOSED METHODS 
       The proposed PSDS integrates various technologies 
to detect parking occupancy. The system comprises:  

• Parking based on Sensor: Parking spaces are 
equipped with magnetic, infrared, or ultrasonic 
sensors to detect the presence of vehicles [9]. 

• Parking based on Vision: Parking lots are 
scanned for open spots using cameras and 
computer vision algorithms [10]. 

• Parking based on IOT: A central server 

receives real-time data from sensors and 

cameras for processing and user access through 

a mobile application [11].  

• Parking with Machine Learning: To improve 

parking forecasts and increase accuracy, 

predictive algorithms examine past data [12]. 

 

6.1 System Component  
Table 1:Components present in Proposed system.  
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Component  Functionality  

IoT Sensors  Detect parking occupancy  

Cameras  Provide real-time visual monitoring  

Cloud Server  Processes and stores data  

Mobile App  Displays real-time parking status  

  
7. CHALLENGES AND FUTURE DIRECTIONS 

 

7.1Challenges  
     OpenCV-based PSDS has made progress, but there are 
still a number of issues. These include the need for 
reliable communication networks, the difficulty of 
processing images in different environmental conditions, 
and the high computational requirements of deep 
learning-based techniques [15].  
7.2Future Scope 
     The creation of energy-efficient algorithms, the 
incorporation of cutting-edge machine learning methods, 
and the application of edge computing for real-time 
processing should be the main areas of future research in 
OpenCV-based PSDS. Adoption of 5G technology can 
also improve PSDS's communication capabilities, 
allowing for faster and more dependable datatransfer 
[16]. 

8.ANALYSIS OF RESULT 
   The objective was to identify and examine parking 
spots in every picture or video stream to ascertain 
whether they were occupied or not. OpenCV for image 
processing and computer vision methods was used to 
accomplish this.  
 
     A table summarizing each parking spaces detection 
findings has been produced by the authors. Metrics 
including space ID, occupancy status, confidence level, 
and other pertinent data are included in this table. The 
table offers an organized summary of parking 
availability, facilitating effective administration and 
monitoring. Furthermore, it facilitates future 
advancements in detection algorithms by analyzing 
system accuracy and performance trends over time.  
 
Table 2:Result  
 

Parking 
Slot No 

Availability Detection Accuracy 

1 Free 95% 

2 Filled 90% 

3 Free 98% 

 
9.CONCLUSION 

     Parking Space Detection Systems (PSDS) based on 
OpenCV have emerged as a crucial component of smart 
city infrastructure, tackling major issues like 
environmental pollution, ineffective parking 
management, and traffic congestion. These technologies 
reduce the time and effort needed to locate parking by 
using computer vision and real-time image processing to 
deliver precise parking space availability updates. 
Parking management in cities is now more effective 
because to the combination of deep learning and machine 
learning, which has further improved detection accuracy.  
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