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Abstract  

Over the past several years, there has been an increase in the number of automobiles in use. Larger parking lots 

are therefore clearly needed. The current standard techniques for identifying if a slot is occupied in smart car 

parking lots are no longer appropriate as they require a large number of costly sensors and the region that required 

observation growing. The purpose of this study is to determine, update, and display the current number of open 

parking spaces in the parking lot using an efficient, quick, and accurate method. A camera's worth of video was 

employed as the input medium, and the object identification technique for image processing was Yolov5. By 

comparing the independently discovered locations of parking lots and parked cars, available parking spots were 

assessed. The dataset utilized to train and assess the model was the PKLot database. The photographs included in 

the dataset that corresponded to various weather conditions were used to assess the performance of the suggested 

model. The model's performance was 90.03% on average. Bright days showed the best performance, and rainy 

days produced the lowest. 

Keywords: Convolutional Neural Network, Computation of Images, Shortest Path Method, Smart Parking 

System, and Parking Spot Recognition. 

 

1. INTRODUCTION 

The utilization of vehicles has surged alongside the increasing urban population and enhanced 

living standards. According to statistics released by the Department of Motor Traffic in India 

spanning from1-8), there has been a consistent rise in vehicle numbers. In metropolitan areas, 

significant concerns include traffic congestion and the difficulty in locating free parking spaces. 

Consequently, the demand for monitoring expansive parking areas has escalated, prompting 

the expansion of parking facilities. However, a majority of current parking facilities operate 

inefficiently. Present-day parking lots often fail to meet drivers' expectations, leading to 

extended circling times on busy days as vehicles search for available spots. Despite the 

abundance of parking lots, drivers frequently struggle to find suitable spaces due to improper 

management. This challenge not only contributes to traffic jams and increased carbon dioxide 

emissions but also results in energy wastage, accidents, and heightened stress levels among 

drivers. The primary issue encountered in parking lots is the inefficient use of time spent 

searching for vacant spots, adversely affecting resource efficiency9) and public health10).On 

average, drivers spend approximately ten minutes searching for parking in urban areas. 

Intelligent parking solutions have been developed to address these challenges, employing 

various detection techniques utilizing magnetic11), ultrasonic 12, 13), RFID 14, 15) Internet of 

Things (IoT) 16-17), and geomagnetic sensors to ascertain parking space occupancy. The Canny 
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Edge Detection method stands out as one of the most widely adopted algorithms in this field. 

However, current solutions are hampered by their high cost, poor performance in adverse 

weather conditions, lack of precision, and constraints in managing small parking spaces. There 

remains a research gap in identifying quick, cost-effective methods suitable for wide-area 

monitoring. Park Vision represents an innovative approach to enhancing parking efficiency and 

convenience in urban settings. This intelligent parking management system utilizes a network 

of cameras installed at parking spaces to detect real-time occupancy status—whether a space 

is occupied or vacant. The data collected from these cameras are transmitted to a centralized 

cloud-based platform for processing, enabling the delivery of various smart parking solutions. 

The rapid increase in vehicle usage, particularly in urban areas, has intensified the difficulty of 

finding available parking spaces, turning the process into a time-consuming and cumbersome 

ordeal. This underscores the necessity for automated systems that simplify the process of 

locating and reserving parking spots. In response, this research project proposes "Park Vision: 

Intelligent Parking Management System," a cost-effective, plug-and-play solution based on 

camera technology.  

This system is designed to cater to diverse settings such as airports, IT companies, malls, 

college campuses, hostels, temples, and offices. Park Vision employs advanced techniques 

including Mapping techniques, Convolutional Neural Network (CNN) techniques, YOLOV5, 

and Threshold techniques to provide a comprehensive overview of parking lots and extract 

valuable parking space information. Additionally, Park Vision integrates machine learning and 

mapping technologies to streamline the parking process, thereby saving time and enhancing 

overall efficiency. A standout feature of Park Vision is its dynamic parking guidance capability. 

By utilizing real-time occupancy data and advanced algorithms, the system guides drivers to 

available parking spots through digital signs, mobile apps, and in-car navigation systems. This 

minimizes the time wasted circling for parking, thereby reducing traffic congestion and 

emissions. Furthermore, Park Vision offers the convenience of reserving and guaranteeing 

parking spots for users who book in advance through its dedicated mobile application. This 

study aims to explore how image processing can effectively tackle current issues in the parking 

system. It seeks to identify shortcomings in existing generations of intelligent parking systems 

and propose more efficient methods to address these challenges. In conclusion, Park Vision 

exemplifies a transformative approach to addressing the inefficiencies of current parking 

systems. By leveraging cutting-edge technology and innovative methodologies, Park Vision 

aims to revolutionize urban parking management, improve user experience, and contribute to 

the sustainable development of smart cities. 

 

2. LITERATURE SURVEY 

The incorporation of digital technologies in customer service is part of a broader trend, with 

smart parking systems becoming a significant focus area. Our initial survey explored 

foundational ideas relevant to our project, gathering information on technological stacks, 

algorithms, and potential shortcomings. This foundational knowledge is crucial for improving 

our project. Extensive research on smart parking lots has been conducted, differentiating 

various types of smart parking facilities based on their technological frameworks3).Smart 
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parking systems typically integrate several technological components, including networking 

infrastructure, software, and sensors. Various studies have utilized different types of sensors, 

such as imaging devices 4) ultrasonic sensors 5), cellular sensors 6), infrared sensors7), radar8), 

RFID9), laser-based smartphone sensors, and magnetometers 10). These sensors are chosen 

based on specific characteristics, such as detection capabilities, invasiveness, ease of 

installation, and the requirement for single or multiple sensors per parking slot. Several 

methods exist for locating cars in a parking lot. One technique involves using the Internet of 

Things (IoT) and Radio-Frequency Identification (RFID) to identify available parking 

spaces11). IoT-based parking systems employ control devices, detectors, computers, and the 

internet to facilitate this process. Sensors installed in each parking space detect the presence of 

vehicles and relay this information to a microcontroller, which counts the number of empty 

spaces and displays this on an LED screen. 

This allows drivers to determine the availability of parking spaces before entering the parking 

area. However, this technology faces challenges such as sensor inefficacy in adverse weather 

conditions and the high costs associated with installing sensors in every parking space. 

Additionally, maintaining sensor-based systems can be complex. Another method to detect 

vacant parking spaces involves using magnetic sensors that interact with the Earth's magnetic 

field 12).Additionally, the hybrid approach was developed by two articles in the field of 

biometric-AI. The idea and creation of a platform with sensors for reliable and secure biometric 

authentication, where data was protected with a hybrid encryption method based on the RSA 

& Blowfish algorithms 41–46). The system has outstanding security thanks to the 

recommended two-step verification47–48). The facial imaging method, the RSA algorithm, 

and the FIF method are the three components of Face Information Fusion (FIF), a hybrid data 

fusion technique. The proposed technique might enable people to be identified rapidly 47-48). 

 

3. CURRENT TRENDS IN SMART PARKING DESIGNS 

3.1 IoT-Based Methods 

One notable contribution to IoT-based smart parking systems was made by13-20). Published by 

Blue Eyes Intelligence Engineering & Sciences Publication, their system uses signal strength 

and smartphone sensors for parking navigation. Sensors in each parking space provide real-

time updates, enhancing parking management efficiency. Another significant approach is by 21-

24). Detailed in the Turkish Journal of Physiotherapy and Rehabilitation, their vision-based 

system uses IR sensors to detect vehicle presence. It integrates a DC motor for gate operation, 

a WiFi modem for connectivity, and an AVR microcontroller to manage operations, presenting 

a comprehensive solution for parking management. 

3.2 Visual Algorithm-Based Methods 

Introduced a smart parking system using OpenCV in 25) this method employs aerial images 

captured by cameras to monitor parking space occupancy, leveraging algorithms, 

Convolutional Neural Networks (CNN), and basic image processing techniques for efficiency. 

The study on autonomous parking space detection for electric vehicles, published by27). Their 
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system uses the improved YOLOv5OBB algorithm and a coordinate attention mechanism to 

enhance detection accuracy, which is particularly beneficial for autonomous parking 

applications. Additionally, a camera-based smart parking system, detailed in27, 28). Their 

solution uses perspective transformation techniques, including inverse perspective mapping 29, 

30), the YOLOv5 algorithm, Canny edge detection, and the Dijkstra algorithm, ensuring precise 

detection and navigation within parking facilities. This literature survey highlights the 

evolution and diversification of smart parking technologies, emphasizing the integration of IoT, 

image processing, and advanced algorithms to enhance parking management systems. Both 

IoT-based and visual algorithm-based methods present their own sets of challenges, such as 

signal availability issues in weak or noisy areas and incompatibility with diverse wireless 

technologies. IoT-based methods, while reliable, can be costly due to the extensive need for 

sensors and devices. On the other hand, visual algorithm-based methods offer good 

performance. Given these considerations, we have chosen to implement visual algorithm-based 

methods and are developing a user-friendly interface to help users find parking slots with just 

a few clicks. 

 

4. METHODOLOGY 

4.1 Method of Research 

The following outlines are our overall solution. When a car enters the parking lot, we employ 

object identification techniques (YOLOv5) and image processing to analyse the condition of 

the lot using surveillance camera footage. If no parking spaces are available, the system 

indicates "parking area is full." If spaces are available, the system directs the driver to the 

nearest parking spot and displays the number of available spaces. Once a driver parks, the 

system updates the status of the parking slots and displays the current availability at the 

entrance. The process of determining parking space availability includes the following steps: 

system initialization, input of live video stream, parking area coordinates, assignment of unique 

numerical labels to each parking spot, image frame acquisition, vehicle identification through 

object detection, parking lot availability check, and output display. A video camera, positioned 

above the cars at a height greater than 10 feet, records footage and determines parking space 

availability. A low-cost, portable wireless video camera is suitable for this purpose. The camera 

must be positioned to capture the entire parking area, as it needs to record the average pixel 

count of each car in the lot at all times. 

4.2 Detailed Implementation 

Our implementation requires real-world camera video as input. This input is pre-processed 

using masking technology, which divides the parking slots into equal rectangles. Masking 

optimizes space and resources in parking lots by creating a systematic layout, easing 

navigation, and reducing confusion and congestion. The pre-processed data is then used to train 

the YOLOv5 object detection algorithm, as illustrated in Figure 1. 
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The YOLOv5 algorithm can be understood through its five essential components: 

The input, an image or video frame, is pre-processed to meet the model's requirements, 

typically through resizing and normalizing pixel values. YOLOv5 uses a deep convolutional 

neural network (CNN) to extract features from the input image. Detect various features such 

as edges, textures, shapes, and objects. Normalizes outputs to improve training speed and 

stability. Apply non-linear transformations (typically Leaky ReLU) to enhance the model's 

capacity to learn complex patterns.  

Figure 1: YOLOv5 object detection algorithm 

As the image progresses through the convolutional layers, it is converted into feature maps, 

which contain information about the presence and location of features at different abstraction 

levels. 

YOLOv5 uses anchor boxes to predict bounding boxes and class probabilities directly from the 

feature maps. NMS refines these predictions by predicting multiple bounding boxes for each 

object. Eliminating redundant or overlapping bounding boxes by selecting the one with the 

highest confidence score and suppressing others based on Intersection over Union (IoU) 

thresholds. The final output of the YOLOv5 model includes detected objects, each represented 

by a 2D bounding box, class label, and confidence score. Assigning a class label (e.g., 'car', 

'person') based on the highest predicted probability. Providing coordinates (x, y, width, height) 

that define the location and size of each detected object within the image.  

 

5. SYSTEM ARCHITECTURE 

The system architecture encompasses the detailed workflow of our parking management 

model, as illustrated in Figure 2. 
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Figure 2: Parking management model 

Videos serve as the primary input for the parking area system, providing a real-time and 

detailed view of the parking area. This continuous video feed enables the system to efficiently 

and accurately monitor and assess the status of available parking spaces. 

Pre-processing techniques, such as masking, play a crucial role in enhancing the accuracy and 

effectiveness of the video analysis system. By isolating the parking spots through masking, the 

system filters out unnecessary information outside the designated areas. This reduces 

computational load and improves overall performance. 

YOLOv5 is utilized for object detection, offering significant advantages in vehicle detection. 

Leveraging advanced algorithms and deep learning techniques, YOLOv5 can quickly and 

accurately identify various types of vehicles in images, regardless of size, orientation, or 

position within the frame. This precision is essential for applications where accurate vehicle 

detection is critical for decision-making. 

To further enhance detection accuracy and efficiency, post-processing techniques such as non-

maximum suppression (NMS) are employed. NMS refines the initially detected bounding 

boxes by eliminating redundant detections and improving the overall quality of the results. By 

selecting the most suitable bounding boxes and discarding those with excessive overlap, NMS 

ensures that the final output is refined and free of unnecessary duplicates, enhancing the 

reliability and precision of the detection algorithm. 

The detected vehicles are analysed to determine the current parking status, identifying whether 

a parking spot is occupied or vacant. This comprehensive analysis includes comparing detected 

vehicles with a reference map of parking spots and considering additional criteria such as 

vehicle size and position. These techniques provide an accurate assessment of the parking 

status, offering valuable information for efficient parking management. 



  
  
 
 

DOI: 10.5281/zenodo.13828046 

448 | V 1 9 . I 0 9  

The Flask API bridges the gap between the frontend and the backend, acting as a mediator that 

facilitates the flow of information between the two components. It handles requests from the 

frontend and communicates with the backend, ensuring smooth and efficient interaction 

between the user interface and the processing pipeline. This enables users to seamlessly access 

and manipulate parking status information through the frontend interface. 

The primary role of the Flask API is to ensure efficient communication between the frontend 

and backend, allowing users to access and interact with parking status information seamlessly. 

This efficient interaction provides a user-friendly experience, enabling users to quickly find 

and utilize available parking spaces through the frontend interface. 

5.1 Working of Yolov5 Algorithm 

The YOLOv5 algorithm utilized in our project operates through several crucial stages: data 

loading, parking status initialization, drawing parking areas, car detection, updating parking 

status, and providing visual feedback and user interaction. 

The system reads parking area coordinates from a file. Each parking area is defined by a series 

of points forming a polygon, which are used to map out each parking space on the video frame. 

An initial status is set for each parking area, assuming all parking spaces are occupied (False). 

This status will be updated based on car detection results. The system employs computer vision 

techniques to draw parking areas on the video frame. Each parking area is drawn as a polygon 

using its coordinates. Each polygon is labelled with its identifier.  The core functionality 

involves detecting cars in the video frame using an object detection model:    A pre-trained 

machine learning model (e.g., YOLOv5)    identifies cars and provides bounding boxes around 

them. Each bounding box includes the coordinates of the top-left and bottom-right corners, 

confidence score, and class label. 

To determine if a car is parked in a given area, the following steps are taken: For each detected 

car, the      center point of its bounding box is calculated. The center point is checked to see if 

it lies within the polygon of a parking area. If the center point is within a parking area, the 

algorithm further checks the overlap between the car's bounding box and the parking area's 

polygon. It calculates the ratio of the bounding box area to the polygon area.  

If the overlap ratio exceeds a predefined threshold (e.g., 0.5), the parking space is considered 

occupied. 

Based on the results of the above checks, if a car is detected within the bounds of a parking 

area and meets the overlap criteria, the parking status is set to occupied (False). If no car meets 

the criteria for a parking area, the status is updated to available (True). The video frame is 

updated in real-time to reflect the current parking status using the methods such as occupied 

spaces are typically shown in one color (e.g., red), and available spaces in another (e.g., green). 

Parking space identifiers and availability status are displayed on the frame. 
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5.2 Mathematical Considerations: 

Parking areas are represented as polygons defined by their vertices. Detected cars are 

represented by rectangular bounding boxes. This test determines whether a given point (car 

center) lies within a polygon (parking area).The area of the car's bounding box is compared to 

the area of the parking polygon to ensure substantial overlap, using the formula: 

OR = APP/ABB          (1) 

This comprehensive approach ensures the accurate and efficient detection of cars and the real-

time updating of parking statuses. 

5.3 Mathematical Analysis 

The mathematical analysis involved in the YOLOv5-based parking detection system includes 

several key components: polygon representation, bounding box representation, point-in-

polygon testing, and overlap ratio calculation. 

Each parking area is represented as a polygon defined by its vertices. A polygon with n vertices 

can be represented as: 

Polygon= {(x1, y1), (x2, y2) …, (xn, yn)} 

Detected cars are represented by rectangular bounding boxes. A bounding box is defined by its 

top-left and bottom-right corners: 

Bounding Box= {(xtl, ytl), (xbr, ybr)} 

The center point (xc, yc) (x_c, y_c) (xc, yc) of the bounding box is calculated as: 

xc = xtl+ xbr / 2         (2) 

yc= ytl+ybr /2         (3) 

To determine if a car is parked in a given area, the center point of its bounding box is checked 

to see if it lies within the polygon representing a parking area. This can be done using the ray-

casting algorithm, which involves drawing a horizontal ray to the right of the point and 

counting how many times it intersects with the edges of the polygon. 

Let PPP be the point (xc, yc) (x_c, y_c) (xc, yc), and V be the vertices of the polygon. The 

point PPP is inside the polygon if the number of intersections is odd, and outside if it is even. 

If the center point lies within the polygon, the algorithm further checks the overlap between 

the car's bounding box and the parking area's polygon. This involves calculating the 

intersection area between the bounding box and the polygon. To simplify, let's assume the 

parking area polygon can be approximated as a rectangle for overlap calculation. The overlap 

area is calculated as: Overlap Area=Area of Intersection (B, P) Where B is the bounding box 

and P is the parking area polygon. The ratio of the overlap area to the area of the parking 

polygon is given by: 

𝑂𝑅 = 𝐴𝐼(𝐵, 𝑃)/𝐴𝑃𝑃          (4) 
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A threshold is set to determine whether the overlap is significant enough to consider the parking 

space as occupied.  

The center point (15, 15) lies within the rectangle (10, 10) to (20, 20). 

The intersection of the bounding box and the parking polygon is itself a rectangle from (12, 

12) to (18, 18). 

Overlap Area = (18−12) × (18−12) =6×6=36 

Area of Parking Polygon=(20−10)x (20−10)=10×10=100 

Overlap Ratio=36/100=0.36, If the threshold is 0.45, the parking space would be considered 

available (False).This mathematical analysis ensures that each step of the YOLOv5-based 

parking detection system is grounded in precise calculations, enhancing accuracy and 

reliability. 

5.4 The Dataset PKLot: 

The set of data for this investigation came from the PKLot database. 13,509 photos of parking 

structures and 794,988 photos of carefully examined and numbered segmented parking places 

are included in the PKLot collection. The procedure for acquiring images is followed in order 

to obtain the parking spot dataset. A low-cost full high definition camera was used to record 

this procedure for over 30 days at a 3-min time-lapse period. The camera was mounted atop a 

building to reduce the possibility of occlusion between nearby cars. This is a brief synopsis of 

the dataset. Uncontrolled lighting was used to capture images that showed a range of weather 

situations, including bright, wet, and cloudy spells. Photos were captured from various parking 

lots, each with unique characteristics. A range of problems may be seen in the images, including 

perspective discrepancies, shadow effects, excessive sun exposure, poor light on wet days, etc. 

For every parking lot picture, an extended language markup (HTML) file with the position and 

status (occupied or unoccupied) of every parking space was produced. 

 

Figure 3: PKLot dataset image with no border boxes 
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Figure 4: PKLot dataset image 

The designated boundary boxes and each parking slot's individual ID are displayed in the 

accompanying figure. Whereas the conventional system obtains its photographs from a video 

file, the online method gets its images directly from the camera. The following equation is used 

to gauge the recommended system's performance. Total Parking Spaces, Actual Number of 

Vehicles, and Expected Number of Vehicles are the three key terms.  

Perf1 =
Actual no of vehicles−Expected no of vehicles

Total parking spaces
∗ 100         (5) 

This formula may be used to determine the suggested system's error percentage.  

%error = 100 ∗
Actual no of vehicles−Expected no of vehicles

Expected no of vehicles
        (6) 

The algorithm's performance was measured using a variety of photos taken in a range of 

weather conditions. The typical performance is found to be 90.03%. What kind of camera is 

being utilized to monitor the parking lot will also have an impact on how accurate the suggested 

system is. The algorithm's performance under various weather scenarios is displayed in the 

following table. The algorithm demonstrates the highest performance on Bright daytime, with 

an accuracy of 92.35%. On Overcast Day, the performance slightly decreases to 89.5%, while 

the lowest performance is recorded on gloomy day at 85.38%. 

Environment 

Conditions 

Total Slots 

Allotted 

Real Number 

of Automobiles 

Estimated Total 

Number of Vehicles 
Progress 

Bright daytime 90 88 81 92.35% 

Overcast Day 80 78 59 89.5% 

gloomy day 80 53 25 85.38% 

 

6. CONCLUSION 

A camera is employed in the project as an image sensor for the identification of video images. 

This is why the system can identify a sizable parking space at once and drive lots in any weather 

thanks to the usage of cameras. It is also affordable and effective. Depending on the area that 

has to be covered, one or more cameras may be employed for video image processing. 
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Numerous sensors are crucial to the current automated parking system's operation. Thus, the 

suggested system only makes use of image processing techniques to automate parking using 

video captured by the parking lot's security cameras. These algorithms find unoccupied parking 

spots and notify the cars of their whereabouts. 

Several cameras are all that are needed for this strategy to manage huge regions. To enhance 

performance, the camera's location might be changed. For optimal accuracy, every parking 

place must have its whole area captured by a camera. The guiding information display on this 

device provides drivers with helpful real-time parking lot information. In order to cut down on 

sensor costs and wiring headaches, this system is designed utilizing a combined image analysis 

methodology. 

This research presents an enhanced YOLO v5 algorithm-based vehicle and parking spot 

identification technique. When the updated algorithm is used for parking space and vehicle 

detection, positive outcomes are obtained. This article employs different size feature maps for 

object identification, based on YOLO v5. Deeper networks may now extract more detailed 

information as a result. The system increases the accuracy of parking space and car recognition 

in the parking lot, according to experiments. However, the algorithm's detection effectiveness 

is somewhat impacted by variables like weather and lighting, thus more algorithmic 

development is required. Further study into creating the same model with many cameras is a 

potential direction. 

 
References 

1) Abdullah Ghazi, Abhinav Sahrawat , Devansh Srivastava , Devendra Yadav , “An Approach of Adaptation 

of Autonomous Vehicle in the Indian Smart City,” EVERGREEN Joint Journal of Novel Carbon Resource 

Sciences & Green Asia Strategy, Vol. 11, Issue 02, pp1227-1232, June, 2024 

2) Imma Widyawati Agustin, Ismu Rini Dwi Ari , Sara Irawati , Enock Siankwilimba,“ Strategy for 

Implementing Park-and-Ride as a Supporting Facility for Commuter Movement,“ EVERGREEN Joint 

Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 02, pp1068-1080, June, 

2024 

3) Sihombing, A.K. Ramadhan, and C.S. Saskia, “Accessibility and permeability in transit area. case studies in 

jakarta-depok train stations,” Evergreen, 9 (2) 538–546 (2022). doi:10.5109/4794185. 

4)  N.S. Zulkefly, H. Hishamuddin, F.A.A. Rashid, N. Razali, N. Saibani, and M.N.A. Rahman, “The effect of 

transportation disruptions on cold chain -sustainability,” Evergreen, 8 (2) 262–270 (2021). 

doi:10.5109/4480702. 

5)  S.R. Hamidm, C.B. Cheong, A. Shamsuddin, N.R. Masrom, N.A. Mazlan, "Sustainable development 

practices in Services Sector: A case of the Palace Hotel from Malaysia," EVERGREEN Joint Journal of 

Novel Carbon Resource Sciences & Green Asia Strategy, 08 (4) 693-705 (2021). 

https://doi.org/10.5109/4742113 7)  

6) J. Ko, N. Takata, K. Thu, T. Miyazaki, "Dynamic Modeling and Validation of a Carbon Dioxide Heat Pump 

System," EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, 07 (02) 

172-194 (2020). https://doi.org/10.5109/4055215 

https://doi.org/10.5109/4055215


  
  
 
 

DOI: 10.5281/zenodo.13828046 

453 | V 1 9 . I 0 9  

7) S. Fadhila, Y. N. Lukito, "Surveillance and Architecture, Analyzing the Idea of Eyes on the Street," 

EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, 07 (01) 132-137 

(2020). https://doi.org/10.5109/2740980 

8) H. Koide, T. Seiichi, K. Tamura, W. Jung, H. Nakayama, S. Matsuda, and K. Moroga, "Possibility of 

Cooperation for a Low Carbon Society: Camparison of the Fukuoka and Busan Metropolitan Cities," 

EVERGREEN Journal of Novel Carbon Resource Sciences 2 21-35 (2010) 

9) L. N. Patil, H.P. Khairnar, "Investigation of HumanSafety Based on Pedestrian Perceptions Associated to 

Silent Nature of Electric Vehicle," EVERGREENJoint Journal of Novel Carbon Resource Sciences & Green 

Asia Strategy, 08 (02) 280-289 (2021). https://doi.org/10.5109/4480704  

10)  M. Bansal, A. Agarwal, M. Pant & H. Kumar, "Challenges and Opportunities in Energy Transformation 

during COVID-19," EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia 

Strategy, 08 (02) 255-261 (2021). https://doi.org/10.5109/4480701 

11) T. Hanada, "Modifying the Feed-in Tariff System in Japan: An Environmental Perspective," EVERGREEN 

Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy 03 (02) 54-58 (2016). 

https://doi.org/10.5109/1800872 

12) I.A. Yassin, R. Patrisina, and E. Amrina, “Locationallocation model for victims and health workers during 

post earthquake-tsunami health crisis in padang city,” Evergreen, 9 (1) 234–245 (2022). 

doi:10.5109/4774244 

13) M.S. Sumathi, J. Shruthi, V. Jain, G.K. Kumar, and Z.Z. Khan, “Using artificial intelligence (ai) and internet 

of things (iot) for improving network security by hybrid cryptography approach,” Evergreen, 10 (2) 1133–

1139 (2023). doi:10.5109/6793674. 

14) H. Prasetyo, “On-Grid Photovoltaic System Power Monitoring Based on Open Source and Low-Cost Internet 

of Things Platform,” EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia 

Strategy 08 (01) 98-106 (2021). 

15) G.D. Nugraha, B. Sudiarto, K. Ramli, "Machine Learning-based Energy Management System for Prosumer," 

EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy 07 (02) 309-313 

(2020). https://doi.org/10.5109/4055238 

16) Abhirup Khanna, Rishi Anand, “IoT based Smart Parking System”, Proc., In  International Conference on 

Internet of Things and Applications (IOTA), 22 Jan - 24 Jan 2016.  

17) Anusha, Arshitha M, S, Anushri, Geetanjali Bishtannavar “Review Paper on Smart Parking System,” 

International Journal of Engineering Research & Technology (IJERT), ISSN: 2278-   0181, Volume 7, Issue 

08, Special Issue – 2019.  

18) S. Senthil, M. Suguna, J. Cynthia, “Mapping the Vegetation Soil and Water Region   Analysis of Tuticorin 

District Using Landsat Images”, IJIEST ISSN (2455-8494), Vol.03, No. 01, Jan 2018. 

19) Juhi Seth, Pola Ashritha, R Namith, “Smart Parking System using IoT ElakyaR”, International Journal of 

Engineering and Advanced Technology (IJEAT), ISSN: 2249 – 8958, Volume-9 Issue-1, October 2019.  

20) Mimbela, L.Y. and L.A. Klein, “A summary of vehicle detection and surveillance technologies used in 

intelligent transportation systems”, New Mexico State University, Tech. The report, 2007.  

21) M. Y. I. Idris, Y. Y. Leon, E. M. Tamil, N. M. Noor, and Z. Razak, “Car parking system: A review of the 

smart parking system and its technology,” Information Technology Journal, pp. 101-113.], 2009. 

22) Paidi. V; Fleyeh, H.; Hakansson, J.; Nyberg, R.G.,”  Smart Parking Sensors, Technologies and Applications 

for Open Parking Lots: A Review”, IET Intel. Transport Syst, 12, 735– 741, 2018.  

https://doi.org/10.5109/2740980
https://doi.org/10.5109/4480704
https://doi.org/10.5109/4480701
https://doi.org/10.5109/1800872
https://doi.org/10.5109/4055238


  
  
 
 

DOI: 10.5281/zenodo.13828046 

454 | V 1 9 . I 0 9  

23) Amir O. Kotb, Yao-Chunsheng, and Yi Huang “Smart parking Guidance, Monitoring and Reservation: A 

Review,” IEEE-ITSM, pp.6-16. Apr-2017. 

24) Supriya Shinde, AnkitaM Patial, pSusmedha Chavan, Sayali Deshmukh, and Subodh Ingleshwar,“IOT 

Based Parking System Using  Google”, Proc., of. I-SMAC,2017, pp.634-636,  2017. 

25) Hemant Chaudhary, PrateekBansal., B. Valarmathi,” Advanced CAR Parking System using Arduino”, Proc., 

of. ICACCSS, 2017.  

26) Wang, M.; Dong, H.; Li, X.; Song, L.; Pang, D. A Novel Parking System Designed for G. Searching page 

for parking H. View slots of parking Smart Cities. Proc., in 2017 Chinese Automation Congress (CAC), 

Jinan, China, pp. 3429–3434, 20–22 October 2017. 

27) Nastaran Reza NazarZadeh, Jennifer C. Dela,” Smart urban parking deducting system”, Proc., of. ICSCE, 

2016, pp-370-373,2016.  

28) PavanKumarJogada and VinayakWarad, “Effective Car Parking Reservation System Based on Internet of 

things Technologies “, Proc., of. BIJSESC, Vol. 6, pp.140-142, 2016.  

29) Nagendra Kumar Maurya, Vikas Rastogi, andPushpendra Singh, ''Experimental and Computational 

Investigation on Mechanical Properties of ReinforcedAdditive Manufactured Component'', 

EVERGREENJoint Journal of Novel Carbon Resource Sciences &Green Asia Strategy, 6(3),207-214 

2019).https://doi.org/10.5109/2349296 

30) Yashomati R. Dhumal, Harshala A. Waghmare, Aishwarya S. Tole, Swati R. Shilimkar,” Android Based 

Smart Car Parking System” Proc., of. IJREEIE, Vol. 5, Issue 3, pp-1371-74, mar-2016. 

31) Faiz Ibrahim Shaikh, Pratik NirnayJadhav, Saideep Pradeep Bandarakar” Smart Parking System based on 

embedded system and sensor Network” IJCA, vol.140. pp. 45-51. Apr-2016.  

32) RicardGarra, Santi Martinez, and Francesc Seb‟e” A Privacy-Preserving Pay-by-phone Parking system” 

IEEE-TVT, pp.1-10, Dec-2016.  

33) Khanna, A.; Anand, R.,” IoT based Smart Parking System”, proc., in 2016 International Conference on 

Internet of Things and Applications (IOTA), Pune, India, 22–24 January 2016; pp. 266–270.  

34) Karthi, M.; Preethi, H. Smart Parking with Reservation in Cloud-based environment. In Proceedings of the 

2016 IEEE International Conference on Cloud Computing in Emerging Markets, Bangalore, India, 19–21 

October 2016; pp. 164–167.  

35) Orrie, O.; Silva, B.; Hancke, G.P. “A Wireless Smart Parking System”, prco., in 41st Annual Conference of 

the IEEE Industrial Electronics Society (IECON), Yokohama, Japan, pp. 4110–4114, 9–12 November 2015. 

36) Hsu, C.W.; Shih, M.H.; Huang, H.Y.; Shiue, Y.C.; Huang, S.C., “Verification of Smart Guiding System to 

Search for Parking Space via DSRC Communication”, Proc., in 12th International Conference on ITS 

Telecommunications, Taipei, Taiwan, pp. 77–81, 5–8 November 2012.  

37) Revathi, G., & Dhulipala,” Smart parking systems and sensors: A survey”, proc., in 2012 International 

Conference on Computing, Communication, and Applications, 2012.  

38)  Abhirup Khanna, Rishi Anand,” IoT based Smart Parking System”, proc., in International Conference on 

Internet of Things and Applications (IOTA) Maharashtra Institute of Technology, Pune, India 22 Jan - 24 

Jan 2016.  

39)  Thusoo, A.; Sarma, J.S.; Jain, N.; Shao, Z.; Chakka, P.; Zhang, N.; Antony, S.; Liu, H.; Murthy, R. HIVE-

A,”petabyte-scale data warehouse using Hadoop”, proc., In 2010 IEEE 26th International Conference on 

Data Engineering (ICDE 2010), 2010.  



  
  
 
 

DOI: 10.5281/zenodo.13828046 

455 | V 1 9 . I 0 9  

40)  ElakyaR, Juhi Seth, Pola Ashritha, R Namith,” Smart Parking System using IoT “, International Journal of 

Engineering and Advanced Technology (IJEAT) ISSN: 2249 – 8958, Volume-9 Issue-1, October 2019 

41)  Ang Li, Azhar Bin Ismail, Kyaw Thu, Muhammad Wakil Shahzad, Kim Choon Ng, and Bidyut Baran Saha, 

''Formulation of Water Equilibrium Uptakes on Silica Gel and Ferro alumina phosphate Zeolite for 

Adsorption Cooling and Desalination Applications'', Evergreen, 1(2), 37-45 

(2014).https://doi.org/10.5109/1495162 

42) Endah R Dyartanti, I Nyoman Widiasa, Agus Purwanto, and Heru Susanto, ''Nanocomposite Polymer 

Electrolytes in Pvdf/Zno Membranes Modified with Pvp for Lifepo_4 Batteries'',Evergreen, 5(2), 19-25 

(2018). https://doi.org/10.5109/1936213 

43)  Hiroshi Naragino, Mohamed Egiza, Aki Tominaga,Koki Murasawa, Hidenobu Gonda, MasatoshiSakurai, 

and Tsuyoshi Yoshitake, ''Fabrication ofUltrananocrystalline Diamond/NonhydrogenatedAmorphous 

Carbon Composite Films for Hard Coating by Coaxial Arc Plasma Deposition'', EVERGREEN Joint Journal 

of Novel Carbon Resource Sciences & Green Asia Strategy, 3(1), 1-5 (2016). 

https://doi.org/10.5109/1657379  

44)  Mohamed Egiza, Hiroshi Naragino, Aki Tominaga, Kouki Murasawa, Hidenobu Gonda, Masatoshi Sakurai, 

and Tsuyoshi Yoshitake, ''Si and Cr Doping Effects on Growth and Mechanical Properties of Ultra Nano 

crystalline Diamond/Amor-Phous Carbon Composite Films Deposited on Cemented Carbide Substrates by 

Coaxial Arc Plasma Deposition'', Evergreen: joint journal of Novel Carbon Resource Sciences & Green Asia 

Strategy, 3(1), 32-36 (2016).https://doi.org/10.5109/1657738 

45)  Ashish Kumar Srivastava, Shashi Prakash Dwivedi, Nagendra Kumar Maurya, and Manish Maurya, 

''3dVisualization and Topographical Analysis in Turning of Hybrid Mmc by Cnc Lathe Sprint 16tc Made of 

Batliboi'', Evergreen, 7(2), 202-208 (2020).https://doi.org/10.5109/4055217 

46) Dharu Feby Smaradhana, Dody Ariawan, and Rafli Alnursyah, ''A Progress on Nanocellulose as Binders for 

Loose Natural Fibres'', Evergreen, 7(3), 436-443(2020). https://doi.org/10.5109/4068624 

47) Matheus Randy Prabowo, Almira Praza Rachmadian, Nur Fatiha Ghazalli, and Hendrik O 

Lintang,''Chemosensor of Gold (I) 4-(3, 5-Dimethoxybenzyl)-3, 5-Dimethyl Pyrazolate Complex for 

Quantificationof Ethanol in Aqueous Solution'', Evergreen, 7(3),404-408 (2020). 

https://doi.org/10.5109/4068620 

48) Jain, Ankit, Cheruku Sandesh Kumar, and Yogesh Shrivastava. "Fabrication and Machining of Metal Matrix 

Composite Using Electric Discharge Machining: A Short Review." Evergreen, 8(4), 740-749 (2021). 

https://doi.org/10.5109/4742117  


