


Introduction and research context
As it stands parking infrastructure now is under more pressure than ever before due to an ever-increasing number of motorists, according to the United Kingdom (UK) Government vehicle licencing statistics we saw an increase of around 417000 newly registered vehicles from December 2023 to December 2024 [1]. This pressure on parking infrastructure such as multi storey car parking garages is not just limited to public infrastructure, private places of work are now also feeling this as more employees also become dependent on their cars as a primary means of transportation to and from work.
Parking is often made accessible to employees via a staff car park in some form or another it is rare for the onsite parking to have the capacity needed to handle every car that will attempt to find a space there. And as Adnan Zahid et al. noted this combined with the obvious tendency of people to attempt to park as close as possible to their destination this can and will often lead to issues such as congestion, stress and overall, a total waste of time. This is especially true in the case  of a multi storey facility where motorists may enter with no knowledge of the actual availability of parking, this will effectively lead to a high probability of having to leave the garage and seek out alternative parking.
These scenarios highlight now more than ever that an adaptable low-cost scalable smart solution is required. These systems have proved to be immensely powerful, such as Lubna et al. who used internet of things (IoT) devices to track vacant parking spaces. This proved immensely successful during controlled testing offering a low cost, and resource light solution for smart parking slot detection that remained immensely reliable in testing. [2] 
Another valiant effort in the pursuit of smart parking solutions is one by Arsam Abhigna et al. Who proposed the use of machine vision and efficient identification algorithms to accurately identify vacant parking spaces to mitigate some of the challenges found by motorists when attempting to find suitable parking, identifying that simpler sorting algorithms provided  better results than more complicated counterparts. In a similar conference Luiz Eduardo et al. Also sought to introduce machine vision and (IoT) devices as a viable solution to address the current inefficiencies of parking situations. It was found that machine vision paired alongside (IoT) middleware in ideal conditions is quite adept at identifying vacant and non-vacant spaces.- Parking Space Occupancy Monitoring System Using Computer Vision and IoT 
This is further backed by an IEE journal authored by R. Srinivasan et al. Made use of an object detection model for real time vehicle identification and after an amount of preprocessing licence plate detection. This deformable convolution-based model when paired with effective preprocessing steps was able to accurately identify vehicles with a 98.9% success rate. [3] 
The fact that this model can identify and track vehicles so accurately proves it as a viable potential candidate for use in an IoT parking solution.
A conference paper authored by Shilpa Sondkar et al. Also saw fit to utilise an object detection model for vehicle identification to continuously monitor parking areas. The object detection model was able to accurately differentiate vehicles and when paired with a capable backend infrastructure drastically streamlined parking efficiency. [4]
This even further highlights how capable object detection models can be integrated into everyday parking environments.
Using object detection is not limited to just tracking the objects of concern themselves i.e. cars or spaces. Another viable means of identifying parking capacity may exist in the form of occlusion detection. Jiageng Ruan et al. For example, it was found that it is viable to track specific areas of a vehicle such as the front bumper as opposed to the entire entity. Giving viable insight into alternative methods for vehicle identification or tracking. [5] 
The IEEE circuits and transactions for video technology journal also explores occlusion detection, outlining that a leading problem in this field is the high potential for intra-categorical appearance variations often associating objects as being in an incorrect state or even being in the wrong category. [6]

Problem statement 
At this point in time the Driver and Vehicle Licensing Agency (DVLA) utilise a multi storey car park that is accessible via a one-way system. Considering that current methods of locating a space are often seen as challenging or inefficient, employees attempting to make use of the facility will face issues such as uncertainty and time wastage as well as a potential to be hindered by congestion [2]. Integrating a smart parking system is significant to avoid the aforementioned challenges  [7] 
Aims and objectives.
Aim: To develop a smart parking solution for a multi-storey building
Objective(S):
1. To critically analyse the current literature to understand current techniques for automated parking 
2. To design a prototype model for smart parking solution
3. To develop the model based on the designed prototype 
4. To evaluate the developed model using well known evaluation metrics
Literature review
Given this ever-increasing demand, parking systems have justifiably received a great deal of attention in recent years unsurprisingly many unique resolutions for the issue of parking, many of these solutions focus on either making the parking process easier for the motorist to find a space or to streamline the process to simply save time and subsequently reduce the heuristic of time wasted.
In a bid to solve the many problems associated with parking, many unique and innovative solutions have been considered and tried. 
(IoT) driven solutions.
Recent advancements around (IoT) as well as their ubiquitous nature has seen many individuals exploit this. These systems typically make use of microcontrollers, wireless networks across which input devices stream data, often making use of cloud-based architecture.
Utilizing these basic principles several IoT-based parking systems have been proposed for off-street parking environments; this has offered valuable insights into how these principles and technologies may apply a multi storey environment. Take for example, Ji et al. [8] and Pham et al. [9] utilizing cloud-based architectures capable of handling large scale deployment of real time sensor networks, with the latter integrating cost and distance optimization algorithms, all of which would be vital for multi-level scalability. Whereas systems such as those by Khana and Anand [10] and Waili et al. [11] incorporate real-time occupancy tracking and user-navigation using a microcontroller an Arduino and raspberry pi and incorporating ground positioning system (GPS)  and ultrasonic sensors to aide in navigation and occupancy tracking respectively, further still Akshay et al. proposed an RFID-based solution while this was used for automated fee-calculation it was a good demonstration in the versatility of IoT sensors. [12]
These systems have been integrated quite successfully into single level on street or off-street parking environments. However, most existing solutions all lack the specific provisions for multi storey structures, these would be features such as floor level tracking, vertical navigation, and integrated reservation systems. These gaps alone highlight the need for further tailored IoT solutions that can address the unique challenges of multi storey parking environments.
Computer vision solutions
Other solutions, such as those proposed by Wang et al. Utilize a technology known as computer vision—sometimes referred to as machine vision—to detect parking space occupancy. While traditional sensors like ultrasonic or geomagnetic systems offer high accuracy, they are often expensive and difficult to scale across large or multi-level parking facilities. In contrast, vision-based methods are inexpensive and, with the appropriate middleware and processing frameworks, can be scaled efficiently. The approach adopted in this proposal involves a combination of image pre-processing and deep learning. Initially, parking spaces are manually isolated using prior masks, allowing for patch-based classification where each segmented space is categorized as either vacant or occupied. These patches are then processed by a general-purpose module known as the Global Perception Feature Extractor (GPFE). The GPFE leverages transformer encoders to extract global contextual features from the image patches, significantly enhancing the accuracy and robustness of parking space state detection, particularly under varying lighting conditions. [13] Similarly, Luiz Eduardo et al. proposed a parking space occupancy monitoring system that integrates computer vision with an embedded IoT platform—specifically, the Tolifex IoT Platform (TIP). In their implementation, the primary input device was an OV5647 5-megapixel camera connected to a Raspberry Pi 3, which ran OpenCV for image processing. The processed data was then fed into the MVS-D dashboard, enabling real-time visualization and management of parking space occupancy. [14] Sriramdharnish K et al. proposed the development of a system model to be integrated into existing infrastructure. This system model utilised machine vision as the primary input and utilised IoT middleware to process the images, demonstrating the adaptable and versatile nature of IoT devices such as microcontrollers. Effectively eliminating the need for expensive or convoluted sensors increasing its accuracy via artificial intelligence (AI). [15] This demonstrates that with appropriate pre-processing techniques vision based solutions, can be satisfactorily implemented even in darker enclosed environments such as those seen in a multi-storey parking garage where accuracy can be enhanced further with better camera equipment or by utilising artificial intelligence.
YoloV8 and deep learning algorithms in parking solutions
Building on the use of computer vision, many recent solutions have integrated deep learning models to improve the accuracy of image processing. For instance, Shilpa Sondkar et al. incorporated the You Only Look Once (YOLO) version 8 model into their system to enhance vehicle detection capabilities. This approach involves pre-training the YOLO model on the Common Objects in Context (COCO) dataset, which is then loaded and applied to each frame of a video stream captured via OpenCV. The model detects various objects within the frame, with a primary focus on vehicles. It applies bounding boxes to these detected vehicles, enabling an approximate determination of their location within each frame. [16] R. Srinivasan et al. Introduce a deformable convolution-based network DEN-YOLO, built from the general-purpose YOLOv8 architecture, adapted to handle both vehicle classification and licence plate detection due to its robust architecture and generalization capabilities. To enhance the image quality under challenging conditions a dark channel algorithm is applied which minimizes the affect dispersed air particles may have on the quality of the images. Contrast limited adaptive histogram equalisation (CLAHE) is used to address poor contrast in nighttime images. This preprocessing would be particularly valuable in enclosed parking infrastructure where dim and awkward lighting often leads to inaccurate computer vision outputs [17]. Given YOLOv8’s high speed inference and strong object detection performance it is well suited to be adapted for multi-storey smart parking solutions. The model’s ability to process video streams in real time allowing for continuous monitoring of vehicle entry and exit across multiple levels. It is also possible to integrate licence plate recognition much like the system implementation in DEN-YOLO, this would allow the model to not only detect and count cars but to also identify individual vehicles enabling dynamic space allocation and automated access control as well as duration tracking. The model’s adaptability to various lighting and environmental conditions ensure reliable performance for both open-air and enclosed parking structures making it a versatile solution for modern parking applications.
Occlusion detection 
Zhou and Yuan et al. Present an approach to improve object detection under partial or heavy occlusion, a persistent challenge in computer vision. This approach focuses on discovering occlusion patterns based on subsets where only part of the primary objects of concern are visible, which are used to enhance the detection accuracy, and enable part-level occlusion reasoning. [18] This technique can be levied to eliminate a major issue in using vision based solutions in where high levels of occlusion is possible depending on camera placement.
Research design and philosophy.
This research adopts a positivist philosophy being grounded in the belief that reality is objective and therefore measurable through observable phenomena, this is particularly suited to studies that rely on quantifiable data which is to be statistically analysed. This makes positivism the obvious choice for evaluating the effectiveness of a smart parking solution within a multi storey building.
By employing a deductive approach, research begins with established theories and concepts related to parking systems, concepts such as user experience and enhancements to space utilization and how improvements may have benefits such as less congestion and greenhouse gas emissions. Hypotheses are formulated based on these theories and assessed via empirical data collection and subsequent analysis.
Research strategy combines software development via prototyping and simulating the smart parking solution by demonstrating key concepts in a controlled environment. Following this user feedback will be gathered based on results. This dual strategy enables both technical validation and user-centric evaluation.
A mixed-methods approach is used, integrating quantitative data through time saved and space utilization metrics with qualitative insights such as the thematic analysis of user experience, allowing for a comprehensive understanding of both functional and experiential aspects of the solution.
Data capture will be done so cross sectionally considering data from a single point in time to assess the immediate impact and feasibility of the solution.
Data collection and the analysis of said data will naturally involve a statistical analysis of time efficiency regarding potential time saved from avoiding a full floor and the potential impact on space optimisation as a result. User feedback will be interpreted thematically to identify emerging patterns and potential improvements to user experience.
Overall, this philosophy ensures that research is in-line with specified aims and objectives while remaining objective, systematic, and grounded in empirical evidence while also acknowledging the value in user perspective in shaping practical and user-friendly technological solutions.
Research materials 
To supplement successful development and implementation of this project various technical aspects and practical resources have been gathered. The following materials provide essential information and guidance on hardware and software interoperability as well as providing foundational understanding on programming techniques and model development or usage. The following sections highlight key aspects of the project and highlight key documentation or relevant technical aspects throughout the project.
Overview diagrams
Option one: utilising USB com ports to connect edge devices.
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Figure 0‑1
Option two: Using dev laptop as a web server.
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Figure 0‑2
Technical Documentation
As seen in figure(s) 0-1 and 0-2 the proposed system is designed for the detection and monitoring of vehicles. Using an ultrasonic sensor for distance the system will be able to maximise hardware efficiency and bandwidth by having a camera take an image and either via USB serial connection or more preferably a HTTP post method which will be configured and managed via a microcontroller such as a Raspberry Pi. Sending an image payload to a laptop running a software stack tailored to identification of cars, depending on confidence level on the image return from processing via OpenCV and Yolo the system will update a counter depending on which camera inputs to the stack.
General workflow
Detection → Image capture → Processing → Command execution 

Component breakdown
Distance detection and Threshold monitoring will be handled by an ultrasonic sensor such as the HC-SR04 or a compatible alternative. This will be used to measure the vehicle proximity. This sensor must operate within a voltage range of 3.3V to 5V ensuring compatibility with the Raspberry Pi microcontroller. Image acquisition will be handled Raspberry Pi camera module V2 or equivalent offering eight Mega Pixel (MP) resolution ensuring high-quality image capture suitable for processing via OpenCV and YOLOv8. To support and facilitate the use of Yolov8 or an equivalent model, a raspberry Pi 4 or greater is required with at least 4GB of Ram is suggested, perhaps more importantly Raspberry Pi 4’s feature wireless connectivity via dual-band 2.4GHz and 5.0GHz IEEE 802.11ac. Wired networking Is also possible via a Gigabit ethernet port. Enabling connectivity via web-based services. This microcontroller also boasts two micro-HDMI ports supporting up to 4k resolution also featuring three USB 3.0 ports and two USB 2.0 ports ensuring compatibility is possible with the desired camera module. [19] depending on thermal load active cooling may be required. However, by keeping most of the software stack on the laptop much of the load should be reduced.
Programming Resources
The fundamental programming elements of this project consist of Python version 3 or greater levying JetBrains PyCharm IDE to facilitate development and testing of key logic. Python has been selected as Yolo and OpenCV can be integrated as libraries allowing for easier utilization and furthermore manipulation of inputted images. Key libraries that will no doubt prove invaluable to successful development would include pandas or more so NumPy for OpenCV integration with the possibility of scripting via the OS library.
As mentioned, Python is compatible with OpenCV more specifically OpenCV-Python which is a library of Python bindings with the primary purpose of providing powerful machine vision manipulation techniques. Examples of which include feature detection by allowing for the identification of patterns within images by utilizing the points of greatest variation, other powerful features include colour space changing by taking a blue green and red value (BGR) and converting those values into a hue saturation value (HSV) which can be used to segment images. [20]
The Ultralytics YOLO framework also provides a python-native interface for performing various powerful computer vision processing tasks. These tasks include but are not limited to utilising pre-trained models such as YOLOv5 or the ever-popular YOLOv8 models. Should these prove insufficient for a bespoke application the framework also provides the ability to train a model on custom data sets and then benchmark the performance to validate that models’ performance. [21]
These two immensely powerful applications can be used in tandem to create a powerful object detection system, OpenCV forms the foundation for handling image input and display forming an interface for Yolo allowing for the Yolo model to take a pre-processed image and detect objects within the inputted images. Specifically, YOLOv8 which can be used to preprocess images targeting a 640 by 640-pixel size as well as converting formats such as OpenCV’s BGR to Red Green Blue (RGB) values. However additional preprocessing beforehand is recommended for optimal confidence wherein confidence is a measure of how certain the model is that it has identified the object correctly. An area that would be quite prevalent to investigate especially for an enclosed space would be histogram equalisation for better contrast in low light conditions and deionising which removes or reduces the distortion in images often due to the noise produced by the camera. [21] [20]
Software and tooling
As discussed in the previous section most of this project will use python  version 3.X for handling backend logic. With the primary goal being to create a scalable web-based platform Flask will be used to handle http GET and POST requests. 
Flask suits this role perfectly as Flask is designed for and with Python for webserver-based software. Flask offers the possibility to stub or mock various components thanks to local logical loopbacks and offers integrated debugging. [22]
To inject code onto the Raspberry Pi a headless SSH approach will be taken, this can be done by using secure shell (SSH) to begin a remote terminal session. This can be done by first enabling SSH on the Raspberry Pi by placing a file named SSH in the /boot directory of the SD card. Then by using a basic network mapping tool the Raspberry Pi’s IP address can be used as such:
ssh pi@<raspberry-pi-ip> to access a virtual terminal. From here VIM or NANO can be used to amend or create code or a file transfer tool such as SCP or rsync can be used to transfer code directly allowing PyCharm IDE or like be used to produce Python code. [23]
Project-Specific Materials 
One laptop featuring an Intel core i7 processor eighth generation with 1TB SSD and 32GB of ram with sixteen cores. Two Raspberry 4B or 5 microcontrollers. Two Raspberry Pi camera module two. Two HC-SR04 or equivalent ultrasonic sensors. Development occurs in an Oracle VM virtual-box virtual machine running Linux distro Ubuntu. 
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