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Abstract: In this paper, an image processing based smart parking assistance system is proposed. The 

proposed system helps drivers in giving appropriate feedback on how good they have parked the vehicle. 

The proposed smart parking system also detects free and occupied spaces in a parking area. It also detects if 

the driver has properly parked the vehicle and indicates in case the vehicle is not well parked. It also notifies 

the driver to re-park properly if the vehicle is not properly parked. The parking assistant system is using a 

Raspberry Pi based embedded solution, which integrates PlayStation Eye. The proposed system monitors a 

block of eight consecutive contiguous parking spaces, which improves the cost efficiency. A modular 

approach is adopted which allows scalability in the system for generating parking map to assist drivers to 

find available parking space. The image captured by PlayStation Eye is pre-processed and segmented for 

individual parked vehicles. Images are taken at four-second interval and are analyzed for newly parked 

vehicles. Vehicles, violating the parking error margin are identified in real-time and the driver is informed to 

re-park accurately. Proposed system follows modular approach for better scalability and ensures power 

efficiency with the incorporation of low energy modules with extended sleep interval.  

Keywords: Parking Assistance System, Parking space, sensors, smart parking, image processing, Raspberry 

Pi, underground parking. 

1. Introduction 

Since the 1970’s, there are more and more cars utilized in transportation. As per the estimates of 2014, 1.2 

Billion vehicles were supposedly driving on roads and this number is expected to rise to 2 billion in 2035 (1). 

Due to the significant increase in the vehicle density every year, the traffic problems are getting   worse. 

Furthermore, a notable increase in the heavy goods vehicles is also observed and some suggest an estimated 

rise of up to 70% from 2000 to 2020 (2). Another issue arising with the increase in the vehicles is the rise in 

the air pollution. The air pollution contributes significantly towards greenhouse gases and hence causing 

greenhouse effect. Apart from affecting the environment, the inhaled pollutants severely affect the living 

beings and causes harmful effects to lungs and respiratory system (3, 4). The pollution also pose threats to the 
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soil, plants and water reservoirs, eventually extending its harmful effects to the sea life. For this rise in the air 

pollution, vehicles are considered core contributors and alongside industries, vehicles are held equally 

responsible.  

It is estimated that on average a vehicle is used only 5% of the time and for rest, it needs to be parked 

somewhere. Due to a large number of vehicles in circulation, the availability of parking spaces is becoming a 

major issue. Around 30% of the circulating cars in the cities are looking for a parking space (5), generating a 

huge pollution (6). The situation becomes even worse in the metropolitan areas (7). This arising situation is 

especially worrisome (8), in underground parking where the air quality is relatively poor. To resolve the 

discussed issues, an improvement at all fronts is equally significant. While the introduction of electric cars (9, 

10) offer significant reduction in the traffic pollution, the scenario can be further improved with smart 

parking systems. An efficient parking system can significantly reduce air pollution by reducing the extra time 

spent towards finding a parking space and can improve the frequent traffic jams by reducing the circulating 

vehicles (11-13). As stated earlier the reduction of the delays between the time when parking is required and 

the time parking found can save up to 30% of the excess emissions. It can also up to certain extent, resolve 

the traffic jams and arising traffic problems due to excess of vehicles.  

The existing parking solutions although offer a suitable way out, yet the cost per place (around £100) of 

parking and reliability concerns offer certain challenges (14, 15). Digital solutions, on the other hand, offer a 

cost effective alternate. These systems can evaluate the vehicles left in parking areas more accurately and are 

more cost effective as well. Since these systems depend on the communication link for active parking slots 

monitoring, WPAN standards for communicating sensor data of the parking slots, to the core unit are usually 

adopted. Out of the available WPAN technologies, Wireless Sensor Networks based (16, 17), web based 

(18), Wi-Fi based (19, 20) and IoT based (21, 22) solutions are widely used.  

In this paper, a digital smart parking assistance system is proposed, which assists the drivers in parking their 

vehicles by giving updated status of the available parking spaces. The proposed system also improves the 

efficiency of the parking spaces by ensuring parking accuracy. Based on the image analysis, the system gives 

a second opinion to the drivers if they have parked the vehicle properly or not. The proposed system is 

implemented using Raspberry Pi integrated with a camera, mounted on ceiling or the lighting poles of the 

parking space. Using the image processing the suitability and appropriateness of the parked vehicle is 

evaluated. While processing the image, both, the tilt angle of the parked vehicle and displacement from 

optimal parking place are considered. 
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Rest of the paper is organized as follows Section II covers the literature review, Section III explains the 

proposed system model. Section IV discusses the evaluated results of the scheme. Finally, section V, 

provides the conclusion and future directives. 

2. Materials & Methods 

Efficient parking sensors and systems are becoming a primary requirement for large car parks. These systems 

are also a necessity for multi-story car parks where search for a parking space as well as parking properly can 

be a real problem on the peak times. With the present-day technology, mapping of these massive parking 

arenas has become possible. However, the cost and the reliability of these systems is not very satisfying. At 

best the available parking systems offer a measure of number of parked vehicles on a particular floor with 

only some capable of guiding the drivers to the available parking space. How the driver parks afterwards is 

entirely up to the driver, which, in some cases can lead to the scenario where one vehicle can occupy two 

parking slots or causing problems in taking out the already parked vehicles. In some cases, this might lead to 

the physical damage due to small spacing between two adjacent cars. Keeping these issues aside, parking 

assistance systems offer an optimized solution to help drivers find the vacant parking space quickly and 

efficiently. 

To help people find a parking space and reduce the time spent searching for one, some parking lots have 

installed sensor (23) integrated display systems to inform drivers about the free parking spaces and show 

where they are. These systems either use a magnetic sensor (24) and an infrared (IR) sensor (25) or less 

frequently, only one magnetic sensor (24) to identify the free parking slots. The IR sensor (25) can be 

falsified, if leaves or snow covers them, whereas the magnetic sensor, though insensitive to leaves or snow, 

yet can also be misled by aluminum built vehicles (26). It seems that only one sensor might not be enough to 

accurately determine if a parking space is available or not. To detect the vehicles, sensors are usually located 

in the middle of every parking slot. Based on the sensor type in use and number of sensors available, the 

placement of the sensors is optimized.  

The status of the sensors is regularly communicated to the network computer to indicate if the space is vacant 

or occupied. Both wireless and wired communication links can be found in the existing parking systems to 

facilitate the communication between the parking slots and the parking display unit. The accumulated 

information of the entire parking, with number of parking spaces available, is displayed to the drivers to help 

them find a place to park. The common flaw in similar systems aiming to provide count of the available 

parking slots and their relevant location is its limitation to ensure well- parked vehicles. Since these systems 

only detect the presence of a car but it cannot determine if the car is well parked or not, there could be many 
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less park-able spaces than the ones estimated by these systems. Therefore, cases where a car could be over 

the sensor as well as encroaching the space next to it can reduce the overall parking efficiency and can cause 

discomfort for the drivers. Situations like these prevent other vehicles to park in the space next to it, whereas 

the space is considered available since no vehicle is actually parked in this space. In a worst-case scenario, a 

poorly parked vehicle can even occupy two places without activating any of the sensors. It is therefore 

important to explore other means to identify if a vehicle is parked or not and introduce measures to help 

reduce the number of poorly parked vehicles. 

In (27), authors present a numeric system, which tries to detect wrongly parked cars using a camera (27). 

Image processing is incorporated to give better estimate the accuracy of the parked vehicle. In both (28) and 

(29), numeric systems are proposed, where extensive training is used. In (29), the supervised learning is used 

where about 22000 pictures are dedicated for training purposes. In (5), the correlation between the taken 

images is used to decide the state of the parking spot. In (30), authors present an image processing based 

automatic parking system. The research in this paper aims to use time varying target lines to park the robotic 

vehicle, however, the suitability is limited in real scenarios due to lack of suitable integration of the proposed 

scheme in present-day vehicles. In (31), authors present an image processing based system for classification 

of the vehicles. Once the vehicle is classified, it can be sent to the relevant parking space. However, the 

automation of the identification process is not much help as the pre-existing manual system, which labels the 

floors/sections for different vehicle types give sufficient information to the drivers. Following this 

information, drivers can easily identify which floor/section they should head to, for parking their vehicle.  In 

(32), authors present an outdoor illegal parking detection system. The system can be used to identify the 

illegally parked vehicles; however, the evaluation depends on identifying the vehicle in no parking area and 

based on the evaluation, parked vehicle is labeled accordingly. Some other systems are also presented in the 

literature (33-36), where some use multiple sensor to differentiate either a car or a motorcycle (37), while 

others use mechanisms to see if a car is well parked or not (26).  

The proposed system, like the others, indicate the state of the parking spots (occupied/vacant). The system is 

further improved to detect the wrongly parked cars as well as to indicate the driver to re-park the vehicle if 

needed. Hence, optimizing the parking space efficiency, reducing the unnecessary fuel consumption and 

overall carbon imprint of the vehicle due to unnecessary emissions for the duration while hunting for a 

parking space. In addition, it will help to reduce the possibility of any potential damage due to very near 

parking positions between two adjacent cars. 
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2.1. Proposed System Model 

To evaluate the occupancy of a parking slot, different sensors can be used. However, some of the sensors are 

only capable of providing a binary output in order to give an idea whether the parking space is occupied or 

not. Furthermore, to increase the accuracy of such sensor multiple (similar or different) sensors are 

sometimes used. The limitation of such sensors in terms of identifying the parking accuracy is limited and it 

is noted that a relatively larger number of sensors are needed to offer a suitable accuracy to give feedback on 

well-parked vehicles. 

After extensively investigating a number of sensors including Infrared, ultrasonic, optical and magnetic, it 

was justified to use a camera for the proposed smart parking assistant system. With the incorporation of the 

camera and inclusion of the image processing, several parking attributes can be monitored at once. 

Furthermore, the existing camera based surveillance system already in place in parking lots, can also be 

transformed to evaluate parking status of a parking lot. Using the pre-installed security cameras for 

evaluating parking status, one can minimize the overall expenses by reducing installation and new equipment 

costs. 

For the evaluation purposes, a PlayStation Eye camera was used and selection of this camera was motivated 

by following reasons. 

• It is relatively low-cost sensor, which can be used for observing several parking slots at once. 

• It has appropriate resolution which allows modular solution since only fewer pixels need to be used  

• It offers improved accuracy due to realistic color capturing abilities. 

Raspberry Pi was used to implement embedded solution for low cost and low energy modular approach. 

Images taken by the PlayStation eye were segmented and pre-processed using Python. Raspberry Pi itself 

offers suitable clock speed of 900 MHz, appropriate for image processing. The debugging in Raspberry Pi is 

further simplified due to its capability to run Raspbian, the compatible version of Linux for Raspberry. The 

Raspberry Pi can also be easily connected to the network and can send the parking related information for 

logging and real-time parking status display. Apart from these, its price is also well within the acceptable 

range.  

The camera used for image capturing is operated directly by the Raspberry Pi and captured image is 

compared with the clean image of empty car park. The correlation of the empty car park and when the car is 
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parked is evaluated to form the mask for the car and is decoded to evaluate the accuracy of the parked 

vehicle.  

Preprocessing and image filtering was used to get rid of the shadows present on the ground. Without cleaning 

the image the differentiation between the ground and the parking lines are very imprecise so it was 

impossible to get the good placements of virtual detection lines and key markers. For the improved time 

efficiency, the parking slots are segmented and only the car parking slot where car is recently parked is 

processed. Since the proposed system, along with the evaluation of accuracy of the parked vehicle also gives 

real-time feedback for the driver so that if the vehicle is not well-parked the driver can be notified to repark 

the vehicle. For this purpose, each parking space in the captured image is segmented and is evaluated 

individually for any possible change. If the status of one or more vacant parking spaces is changed, the 

observed parking slots where change is noticed, are thoroughly evaluated for improved accuracy. Doing so 

allows efficient processing and generates in time response for the driver to give proper feedback on his 

parked vehicle. The block diagram of the parking system is presented in Figure 1.  

For better performance, and improved cost efficiency, the proposed system uses the camera which covers 

several spaces at once. 

2.2 Image Processing 

For the evaluation of the parked vehicles, the image captured by the camera is first treated to separate the 

ground surface the parking lines and the vehicles. Hence transforming the image in black and white with 

ground marked as white surface and vehicles and any other object in black. 

Using the RGB color code two thresholds were created to constitute a tolerance zone. To do so every pixel in 

the picture is scanned to define a tolerance zone, which is with reference to the color of the ground. It was 

noted that the tolerance can be very different according to the light and how the tint can change in the same 

picture. 

The reason for this processing is to define square zones where the car has to be parked, establishing a line 

around the parking slot indicating the boundaries for vehicle parked in that slot. These boundaries also 

highlight non-parking space. If the non-parking space is occupied, the vehicle is not properly parked. 

Otherwise the parking slots are checked if they are occupied or free. 

2.3 Reference Formation 

To be able to place a square to indicate if the vehicle is on the right position or not, the image without any 

cars is taken as a reference and dimension of the parking space are identified. In the evaluation, a scenario is 
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considered where two parking spaces per column and eight slots in total are processed. Furthermore, the case 

considered has no wall in between the two columns.  

 

Fig. 1. Block diagram of parking assistance system 

For the empty car park image, after the picture processing, the image converts into black and white where all 

the empty parking spaces are highlighted in white. Since, many factors can create interference including the 

reflection of the light, dirt on the floor etc., an automatic structure for parking slots and parking lines is also 

included. The virtual markers label the start of the parking space and sets pointers that a properly parked 

vehicle must cover. A flow diagram for evaluating parking space is presented in Figure 2. The optimal 

thresholds are evaluated by iteratively tuning the thresholds for optimal results. 

Unlike (37), the lines and markers placed are virtual and added digitally.  No additional lines on the parking 

spaces are included. Markers and lines also ensure that the car is not too far back and would not be a hurdle 

for another driver who would want to park in the other spot. 

2.4 Parked Vehicles and Vehicle dimensions 

After placing the sensors, we have to process the image of a parking space with cars in it. For this 

demonstration, we use a picture with cars presented in Figure 3. The detection of the car is evaluated by 

percentage of black shade in the parking spot and if the car is found to be on the purple squares of the Figure 

4, and the car does not cross the purple lines, it means that the car is well parked. These two conditions are 

used for evaluation of the proper car parking. 
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To eliminate the obvious mistakes during black and white transformation of the picture, certain levels of 

tolerance are included. 

 

Fig. 2. Flow Diagram for evaluating a parking space 

To justify the working of the scheme and to understand the impact of different dimensions of the vehicles 

mean dimensions of the vehicles and deviation are evaluated. The mean dimension of the vehicles is 

evaluated using the equation (1), whereas equation 2 gives the deviation from the mean. 

𝑀"(𝑙, 𝑏) = 	 (𝑣𝑙+	, 𝑣𝑏+, ∆𝑑𝑖/
+01 )                     (1) 

Here 𝑀" is the mean dimension of the vehicles, where 𝑙 and 𝑏 are lengths and breadths of the different 

vehicles. 𝑣𝑙+, 𝑣𝑏+ and ∆𝑑𝑖 are the length, breadth and percentage vehicles market share respectively. 

𝜎(𝑙, 𝑏) = {(𝑣𝑙+)4	, 𝑣𝑏+ 4, ∆𝑑𝑖/
+01 } − (𝑀"(𝑙, 𝑏))4             (2) 

Here 𝜎(𝑙, 𝑏) is the deviation of the vehicles from the mean dimensions.  
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The evaluated mean value of a car width (𝑀"(𝑏) is taken to be 1.8 m. The calculated variance (𝜎(𝑏)4) 

was 0.2 m. 

Three different cars, were selected for evaluation of the system. Since the length of the vehicles was not 

important, so only interest was how large the cars were. A width of 2.2 meters was considered as an upper 

limit for the vehicles. 

The selected vehicles for evaluation can be seen in Figure 3. The red car is 1.8 m in breadth whereas the 

black vehicle is 2 m and the blue car is o 1.6 m in width.  

 

Fig. 3. Car parking before processing 

3. Results 

The image used contains some stains on the ground as well, which can create some interference. After the 

application of the image processing and placement of the markers in Figure 3, the processed image is 

presented in Figure 4. 

 

Fig. 4. Car parking after placement of markers and processing 
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Finally, in figure 5, the parking slots are painted in green if the car is well parked, yellow if the space is free 

and red if there is a problem with the parked vehicle. The system was able to see where are the cars that are 

not well parked or taking more than one parking space. In this example only one car is highlighted which is 

not well parked, therefore, the system highlights two slots by painting them red. The rest of the drivers are 

indicated that vehicles are properly parked with a green indicator. While, the drivers of the poorly parked cars 

are indicated with red indicator light. 

In the proposed system, the improperly parked vehicles, either if, the orientation of the vehicle is not correct 

or the parked vehicles are shifted linearly from the mean are identified and appropriate response is provided. 

The system also gives an accurate identification of the number of parking slots occupied and the slots still 

vacant. 

 

Fig. 5. Car parking status indicated with three colors 

Since the developed system is capable of standalone operation and can easily be powered by low energy 

source due to the embedded design, it is an energy efficient solution compared to server based and networked 

systems. Furthermore, with the integration of microphone, in the proposed system, the whole module can 

operate in deep sleep mode unless a vehicle sound is received on the microphone which works as a wakeup 

interrupt. Since the camera is also powered through Raspberry Pi, it can be powered up when needed and can 

be kept turned off when no changes are witnessed. The energy efficiency can further be optimized in 

circumstances where less frequent updates are required.   
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4. Discussion 

In this paper, a Raspberry Pi based parking assistance solution is presented. The parking assistance system 

presents a prototype system for the ceil/pole mounted camera for improving the efficient utilization of the 

parking places by providing feedback on the parking status. It also gives the feedback on the state of the 

parked vehicle, if parked properly or not. As an alternative to other existing system the amelioration 

presented in this paper is way cheaper because it requires only one Raspberry Pi card and one low definition 

camera (0.3 Mega pixels) and can cover several parking places at once. 

The system offers an effective solution to reduce the parking time and hence, the fuel consumption. In 

addition, it helps to avoid the potential damage due to the cars are parking too close to each other’s. 
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