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Abstract 

The growing demand for urban parking has led to significant challenges, particularly 

with conventional centralized smart parking systems that often face single points of failure, 

limited scalability, and complex deployment processes. Existing solutions are inadequate in 

addressing these issues, prompting the need for a more resilient approach. This research 

presents a distributed, cost-effective, innovative parking system to overcome these 

limitations. The proposed system features a network of nodes strategically deployed across 

parking lots and interconnected through wireless LAN (Local Area Network), enabling real-

time data access through a cloud-based website and back-end server. By utilizing low-power 

cameras for object detection, the system enhances operational efficiency and accuracy while 

minimizing costs. Additionally, the Google Maps API (Application Programming Interface) 

integration provides a user-friendly interface, facilitating easy navigation to available parking 

spaces. This solution explicitly targets the unique parking challenges in India, demonstrating 

promising applications for parallel parking scenarios. 
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 Introduction 

Parking has always been an issue in metropolitan cities. Searching for parking spots 

wastes time and fuel, and drivers tend to circle the place searching for parking spots. This 

increases traffic congestion, pollution, and fuel waste [11-13]. This is seen on a risky scale 

during holidays and social gatherings. Unable to find proper parking spots, some vehicles are 

parked in narrow spaces, causing traffic blocks and congestion and leading to further wastage 

of resources [14,15]. In major Indian cities, studies estimate that parking demand can exceed 

available space by as much as 30-40 %. Bangalore, the silicon capital of India, tops the traffic 

congestion charts in the world at the second spot after London, with many other Indian 

metropolitan cities following up on the list [16-18]. This calls for a streamlined approach 

through which people can easily find and park their vehicles close to their destinations, and 

the solution must be directly accessible to the public [19-20]. 

The proposed system consists of installing low-cost camera modules in multiple 

parking lots across the city, which stream live images to the corresponding remote server. The 

remote server processes the data from the camera module and decides the number of vacant 

parking spaces available in the parking lot. The remote server updates the number of vacant 

parking slots and a number of filled parking slots to a database in the cloud. 

The number of vacant parking slots and their location are displayed in a web 

application accessible to the general public and free to use. The database is updated 

continuously, ensuring a pristine user experience. The system aims to adequately inform 

drivers of the available parking spaces around the destination, enabling lesser traffic 

congestion across the city and saving time and fuel through convenience. 

 Related Work 

R. A. Hadi et al. [1] and Yuan Liu et al. [2] presented a comprehensive study of 

existing vision-based intelligent parking systems, detailing the hardware and software 

components utilized in prominent approaches. This review provided insights into 
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advancements within the field and identifies specific limitations in various approaches that 

the system proposed in this research aims to solve. 

Sayani Banerjee et al. [3] used CCTV (closed circuit TV) as visual input and a CNN 

(Convolutional Neural Network) model for classifying objects within the frame and marking 

vehicles for occupancy computation, which the proposed system aims to achieve at lower 

compute resources using pre-trained SSD (Single Shot Detection) models. M. Dixit et al. [4] 

proposed an intelligent parking system for indoor controlled spaces using vision and image 

processing. The system proposed in the current paper scales this up towards several parking 

spaces to be handled and routed based on users' location, enabling a higher impact toward 

adequate roadside parking. 

Polprasert et al. [5] presented an smart parking system using a single camera placed 

at enough height to cover the entire parking area. However, this approach cannot efficiently 

scale up the system based on parking area size, which the system proposed in this study would 

solve using a distributed node network. R. Nithya et al. [6] detailed using a YOLOv3 (You 

Only Look Once) model for vehicle detection compared to other classification models. R. 

Lookmuang et al. [7] used cameras and ultrasonic sensors to obtain parking occupancy data 

for updating the application using data fusion. J. Dasari et al. [8] outlined the smart parking 

system application using Python and OpenCV through pre-trained object detection models. 

M. M. Bachtiar et al. [9] have implemented the parking system using the HAAR Cascade 

Classifier method for vehicle detection and highlighted the improvement in the detection 

speeds at comparable computational power. L. Hu and Z. Liu [10] extended the application 

of the system to path planning inside an indoor parking space using the A* algorithm from 

the entry to the parking spot and exit. 

 Proposed Solution 

The proposed system design can be broken down into four segments, with 

coordination and data exchange between them to constitute the overall system [21]. 

• Distributed server (Raspberry Pi) for image processing, computation, and network 

management. 
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• ESP32-CAM hardware setup for wireless image transmission and reception by 

server. 

• Object detection, computation of available parking slots, and updation of the 

database. 

• Cloud Deployed and completely scalable website and cloud database management. 

The major hardware components of the prototype are the camera nodes and the local 

processing server. As a vision-based solution, the system utilizes the camera nodes to capture 

images and transmit them to the local processing compute server over the intranet. The 

primary software components of the prototype are the object detection algorithms running on 

the local server, the database in the cloud, and a fully scalable website deployed on the 

internet. A generic bash script running in the computer links up all these software components 

and ensures system operations under different circumstances. 

The images received from the different camera nodes, stored in the server, are 

processed using object detection and additional algorithms to determine the final occupancy 

numbers within the space, and the culminating numbers are updated within the cloud database. 

The website is updated in real-time from this database and displayed to the user using the 

website above. The site is intuitive and directs the user to the chosen parking location with 

the help of Google Maps API. The API also helps determine the user's location and calculate 

the closest available parking spots. The entire working of the system is illustrated in Figure 1. 

 The Prototype 

4.1 The Camera Setup 

ESP32-CAM is a low-cost ESP32-based development board with an onboard OV2640 

camera module, small in size. It is an ideal solution for IoT applications as the board integrates 

WiFi, traditional Bluetooth, and low-power BLE with two high-performance 32-bit LX6 

CPUs. 

In this research, ESP32 CAMs take pictures at regular intervals and transmit them to 

a remote server in the same LAN. The ESP32 CAM connects to the LAN and establishes a 
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connection with a remote server. A frame is captured from the camera and stored in a camera 

DBT pointer, which holds the pixel data, height, and width of the image. The pixel data is 

transmitted to the server through TCP protocol. However, since the size of pixel data exceeds 

the size limit of a single TCP socket, pixel data is broken up into chunks and sent individually. 

This process repeats for approximately two seconds. 

The camera nodes were fabricated using perf-boards, and header pins were soldered 

onto the ESP32-CAM board. The fabricated ESP32 header boards are shown in Figure 2. The 

mobile power supply was provided using two 3.7V 18650 Li-ion batteries. The same can be 

scaled up by connecting the same to the AC (Alternating Current) main power through an 

adapter, and the battery can serve as a power backup in case of AC power fluctuations or 

failure. The battery voltage was regulated down to 5V for the ESP32-CAM using an LM7805 

voltage regulator. The circuit diagram of the camera node is illustrated in Figure 3. 

4.2 The Server 

Raspberry Pi 4B is used as a local server for image reception, processing, slot 

computation, and updation to the cloud. PuTTy is used to connect wirelessly to the Pi over 

SSH and FileZilla was used to transfer the file over SFTP (Simple File Transfer Protocol). 

 

 

 

 

 

 

 

 

 

Figure 1. System Flowchart 
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Figure 2. Fabricated ESP32 Header Board 

 

 

 

 

 

 

Figure 3. Fabricated ESP32 Header Board. 

The ESP32 image reception and object detection Python scripts run on boot-up. This 

was implemented by modifying the .bashrc script to execute the Python scripts when booted-

up or when a terminal is launched. The ESP32 script receives pixel data of the image as a 

chunk of bytes. This is stored in a byte array and is converted into a JPEG image using the 

Pillow library. The script then stores each image under the proper naming convention (ESP-

XX-CHN-X-time) and stores it in the respective directory. The Raspberry Pi is connected to 

the same local network as the ESP32 CAMs through WiFi. 

Internet is also enabled to perform updation to the cloud. A power bank was used to 

power the Raspberry Pi for testing purposes, as shown in Figure 4, and it can be switched to 

AC mains through an SMPS for fixed deployment. 
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Figure 4. Raspberry Pi Server 

4.3 Object Detection and Computation 

The object detection (Figure 5) script runs indefinitely, and it processes the images 

obtained from parking lots one after the other through a pipeline, identifying the bounding 

boxes of the objects (cars and bikes) utilizing a pre-trained model (MobileNet SSD model) in 

the OpenCV DNN (Deep Neural Network) module.  

 

Figure 5. Object Occupancy/Vacancy Detection 

The name of the image contains city and parking lot details, along with the capture 

timestamp. This information is used to process data from the image. 

4.4 The Website 

The website is developed using Node.js as the backend technology and uses multiple 

APIs offered by Google and in-built browser APIs. The homepage of the website is shown in 
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Figure 6. It is a scalable, cloud-deployed, responsive web application accessible to the general 

public and free to use. 

 

Figure 6. The Website 

Upon reaching the website, a user can either choose to find parking slots around their 

current destination, upon which the browser will prompt the user to give access to the location. 

When the permission is granted, the location of the user's device is used to find the closest 

city in the database. Then, the coordinates are used to find the closest ten parking lots in the 

city. Then, these found parking locations are sorted again based on the distance to reach them 

using the Geomatrix API and then displayed on the map as well as on the list. This navigation 

feature in the website is depicted in Figure 7. 

 

Figure 7. Website in Action 

The user can click on the map marker for the parking lot or the card to open the 

location in Google Maps for directions. The list of cards also displays the number of free 
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parking slots in that particular parking location so that the user can know how many free slots 

to expect at that parking lot.  

The database consists of the city's information and the parking lots in each location in 

tables. MongoDB database service has been used for this. 

The application uses geolocation technology to find the device's location and prints 

out an interactive map with the ten closest parking lots and their availability. The user can 

click on the parking slot in the map, which links to Google Maps for directions to that parking 

lot from the user's location (in Mode 1) or from the destination (in Mode 2). It uses Express 

as the server technology. This web app was hosted for free on the Heroku platform for testing 

purposes. The website is fully responsive, and the mobile version is illustrated using Figure 

8. 

 

Figure 8. Responsive Website 

 Testing and Results 

The setup was tested at a moving 30+ car parking space. Two ESP32 CAMs were 

mounted on a pole, and a wall diagonally to each other, as shown in Figure 9 and Figure 10, 

and the corresponding scripts were run at the ESP and Raspberry Pi's side. The entire setup 
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was interconnected over LAN through a mobile router. The images were captured at intervals 

of 2 seconds and transmitted to the server. Naming conventions, as described in the earlier 

section, were followed, and sources of images were tracked down using the local IP of ESP32-

CAM. 

 

Figure 9. On-site ESP32 CAM 

The server processed each image from the directory pipeline, and cars were detected 

using the model. Occupied parking slots were computed, and the same was updated for the 

MongoDB cloud after the computations. Upon resetting the ESP32-CAM, it connected to the 

required IP automatically and resumed the process of image capture and transmission. 

Rebooting the Raspberry Pi caused it to instantly connect to the LAN and run the required 

scripts without hassle, and it continued to update the MongoDB cloud database without errors. 

The final images with bounding boxes of vehicle occupancy and vacancy detection are 

illustrated using Figure 11 and Figure 12. 

 

Figure 10. On-site ESP32 CAM 
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Figure 11. On-site Testing 

 Comparison to Contemporary Solutions 

Many existing solutions use one or a limited number of powerful cameras placed over 

a large parking spot and are connected to a single system for processing. However, this 

approach is not suitable for roadside parking, which is the most utilized space in India. The 

proposed approach reduces the load on cameras and increases its number at lower costs. The 

decentralized server topology implemented in this solution avoids single-point failure as a set 

of cameras is connected to one dedicated server.  

Expanding this system is simpler compared to existing systems, as the node simply 

consists of a Raspberry Pi and a set of ESPCAMs. This node can be easily connected to an 

existing framework. Web-based solution to aid cross-compatibility and easier 

updation/changes. This system is a power and cost-efficient solution compared to other 

technologies.  
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Figure 12. On-site Testing 

 Conclusion 

In conclusion, this research presents a low-cost solution to a significant contributor to 

traffic congestion in urban areas. By deploying affordable, low-power camera modules in 

parking lots, the system transmits live images to a remote server that utilizes computer vision 

techniques to determine available parking spots and update a cloud database in real-time. A 

public online application provides users with convenient access to this information. 

The benefits of this system are substantial. It streamlines parking management, 

reduces the time spent searching for available spaces, and helps alleviate traffic congestion. 

Additionally, it enhances the user experience by offering real-time updates, optimizing 

resource utilization, and contributing to more efficient urban mobility. This innovative 

approach has the potential to transform parking dynamics in cities, ultimately leading to 

improved urban transportation systems. Future research could explore the integration of this 

system with other smart city initiatives, further enhancing its impact on urban infrastructure 

and sustainability. 
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