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Abstract 

 

Long car queues are often encountered in some public facilities because visitors should be around 
to find an empty parking space. One way to minimize this case is to use a parking information 
system that shows the location of the parking lot that is empty or occupied with their amounts. 
This research presented two digital image processing methods for detecting empty space 
occupied in the image of the car parking area. There are vehicle detection and edge detection 
method. Vehicle detection is the method used to detect objects in the image by subtracting the 
parking area image, an empty parking lot, from the image containing the car. In contrast, the edge 
detection method detects the object's edge. The results from these two methods were then 
compared using the AND function to obtain the condition of an empty or occupied box for each 
box in the parking lot. Threshold values affect the determination of the parking lot. In this research, 
the data used are images of open car parks in the Malang Town Square (Matos) shopping center, 
Mall Olympic Garden (MOG), and data sourced from journals with similar topics [16].  The test 
results show that the best detection results are obtained in detecting occupied parking spaces in 
the parking lot in Malang Town Square (Matos), with a threshold of 10 and an accuracy of 99.4% 
with a threshold of 10. 
  
Keywords: parking lot, vacant car park, image subtraction, edge detection, digital image 
processing 
 
 
1. Introduction 

Currently, the number of motorized vehicles, two-wheeled or more, shows a significant 
development, especially in big cities. The development of the number of cars indirectly impacts 
the need for parking spaces in several public facilities, such as offices, campuses, hospitals, 
shopping centers, or recreational areas. These public facilities need to expand their parking space 
to accommodate all visitor vehicles. However, even though a relatively large parking area is 
provided, long queues are still common, such as in shopping centers or recreational areas during 
weekends or long school holidays [1], [2]. This long queue in the parking lot occurs because 
visitors have to look for an empty place in the parking lot. 

The development of technology, especially computers, provides many conveniences for humans. 
Almost every office, company, industry, household, or school has used a computer as the primary 
tool for various purposes. One of the uses of computer technology to facilitate human activities is 
to manage parking lots [3]. The existence of a computerized parking management system can 
make it easier for visitors to find empty spaces in the parking lot. Parking management systems 
refer to programs that can efficiently use parking resources [4]. Several parking lot technologies 
have been developed to replace the traditional method, which is only a sign the number of full or 
empty places on a board located at the parking lot entrance. The delivery of parking information 
that has been developed includes mobile phones, Personal Data Assistants (PDAs), Variable 
Message Display (VMS), Parking Guidance and Information System (PGIS), which displays the 
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number of empty and filled parking spaces, or through Urban Traffic Management and Control 
(UTMC) [5]. 

There are four car parking guidance system categories based on different technologies. There 
are based on the number of vehicles, wired sensors, wireless sensors, and image-based [6], [7]. 
Among the four categories, image-based technology is a technology that has many advantages 
over the other three technologies [8]. With this system (image-based technology), visitors can find 
out exactly and specify the vacant place's location. In addition, this system does not require high 
costs for its development because it only requires CCTV cameras which have previously been 
installed in several places for security purposes [9]. 

In this study, images of the car park were used, which were taken using a digital camera to replace 
the CCTV image. Pictures of the car park area are taken periodically at different times: afternoon, 
evening, and night. Several image processing techniques are used to obtain information on empty 
spaces in car parks. Image processing is one form of information processing with input in the form 
of an image and output, which is also an image or can also be part of the image which aims to 
improve image quality [10], [11]. The image processing method used to detect empty spaces in 
the car park is the detection of vehicles or objects in the parking lot, using the threshold value set 
for pixel detection at a particular value [12]. The second method reduces detection errors due to 
shadows coming from vehicles. Without this second method, the system can incorrectly detect 
the shadow of a car as a parked vehicle. This method uses median filtering and Sobel edge 
detection techniques. Median filtering is a spatial filter used to reduce noise, where the gray 
values of the points in the sub-image matrix are sorted from the smallest to the largest value and 
then the median value is determined. While Sobel edge detection is a method in image processing 
that is useful for detecting the edges of an object in a digital image [13], [14]. That two methods 
are then compared with the AND function operation to determine an empty parking space or filled 
with vehicles. The novelty of this study is that the two datasets used in the testing process are 
self-collected, not open datasets. In addition, the combination of image processing methods used 
in this research is through an experimental process to produce good method stages and accuracy. 
With the parking information system developed with this image-based technology, it is hoped that 
it can minimize the search time for parking spaces by visitors so that there are no long queues at 
the entrance to the parking lot [15]. 

 
2. Research Methods 

The steps taken in this research are as follows: First, learn the methods used to detect space in 
the car parks from journals or proceedings. Second, analyzing and designing the software to 
detect empty spaces in car parks by combining the methods used. Third, collecting data in the 
image form of outdoor car parks in Malang Town Square (Matos), Mall Olympic Garden (MOG), 
and data sourced from journal authors entitled "Vacant Parking Space Detection in Static Image," 
Nicholas True [16]. Fourth, developing software based on the analysis and design that has been 
done. Fifth, software testing to detect empty space in car parks, using the collected field data. 
Sixth, evaluating detection results carried out by the software to determine the accuracy. The 
research steps can be illustrated in Figure 1. 
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Figure 1. The Research Stage Design 
 
The system developed in this study is a system that can assist users in searching for empty places 
in the car park automatically. The user only enters the image data of the car park. Then the system 
will process the input image until an empty car park is found. The input image used in the testing 
was the car parking area image, which was taken from the 3rd-floor car park at the shopping 
center Malang Town Square (Matos), Mall Olympic Garden (MOG), and there is also data sourced 
from journals with similar topics [16]. The input image is 572 x 2275 for data on Matos, 572 x 322 
for data with a location on MOG, and 572 x 345 for data sourced from a previous journal [16]. The 
input image data is stored in a bitmap file according to the original size, without any prior cutting 
or resizing of pixels. The methods used to detect empty spaces in this car park are entirely based 
on digital image processing. 

2.1. Software Development Stages 

The stages contained in this study can be seen in Figure 2. Generally, there are five stages to 
detect empty spaces in parking lots, as follows: 

1. The user selects an image of a car park already available on the computer as an input 
image to be processed by the system. 

2. The initialization process is a process to detect the dividing line in each parking lot through 
the coordinates of each corner stored in a .txt file. The input image in this initialization 
process is an empty parking lot image. The corner points of each parking lot box are 
selected from the input image to save the coordinates of the selected parking lot corner 
points. The initialization process and the coordinates of the selected corner points can be 
seen in Figure 3. 

 
Figure 3. The Initialization Process 

Literature Study

software Analysis and design of free space 
detection in car parks

Field data collection

Software implementation and testing

Evaluate the results of the detection of empty 
spots in the car park 
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3. The vehicle detection process with four subprocesses that is: 

a. The color distribution in the input image is changed to be more even by using the 
histogram equalization method. 

b. Image subtraction where the input image is calculated for the difference in pixel 
values with an empty parking lot image. 

c. The resulting image subtraction is converted into a grayscale image. 
d. The grayscale image is converted into a binary image using a predetermined 

threshold. 
4. In edge Detection, the input image that has been converted into a grayscale image will 

be improved in quality with the histogram equalization method to even out the color 
distribution, the median filtering to reduce noise in the image, and the Sobel edge 
detection method to detect the edges of the image so that detection results are obtained 
object in the image. An example of edge detection results can be seen in Figure 4. 
 

 
 

Figure 4. An example of an Edge Detection Result 
 

5. AND function, the detection results in the vehicle detection and edge detection 

processes will be compared so that the final detection results are obtained. 

 

 
 

Figure 2. Flowchart of Research Method 
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2.1.1. Histogram Equalization  

A histogram is a diagram that shows the number of points contained in an image for each gray 
level [17]. The x-axis on the histogram shows the color level, while the y-axis shows the frequency 
with which the points appear. The histogram of an image can be modified to obtain the image's 
histogram as desired. One way that can be used to modify an image histogram is histogram 
equalization. Histogram equalization is a process that changes the distribution of the gray degree 
values in an image so that it becomes uniform [17]. 

The purpose of histogram equalization is to obtain an even histogram distribution so that each 
degree of gray has a relatively equal number of pixels. Histogram alignment is obtained by 
changing the gray degree of a pixel (r) with a new gray degree (s) using a transformation function 
T. Mathematically, and it can be written as in equation 1. 
 

s = T(r)        (1) 
 
r can be recovered from s by the inverse transformation as in equation 2. 
 

r = T-1(s), where 0 ≤ s ≤ 1     (2)  

2.1.2. Image Subtraction 

Detection of differences in two almost identical images can be done by subtraction operation, 
commonly called image subtraction. To find the difference, it is necessary to take the first image 
and the second one, then subtract one image from the other [10]. They are mathematically written 
as in equation 3. 
 

𝑔(𝑥, 𝑦) = 𝑓(𝑥, 𝑦) − ℎ(𝑥, 𝑦)          (3) 
 
g is a new image where the intensity of each pixel is the difference between the intensity of the f 
and h pixels. An example of implementing an image subtraction operation is to obtain an object 
from two images. Image subtraction can also detect changes occurring during a certain time 
interval if the two images taken are from the same angle/place. 

2.1.3. Binarization using Otsu Method 

Binarization is used to convert an image with a grayscale format (with a possible value of more 
than 2) into a binary image with only two values, 0 and 1. The operation that will be used in the 
binarization process is a threshold operation, which changes the object pixels in the gray image 
into pixels with the maximum intensity (255) and changes the background pixels in the gray image 
into pixels with the minimum intensity (0) in the binary image, or vice versa (objects with an 
intensity value of 0 and a background with an intensity value of 255 in the resulting binary image). 
The pixel values that meet the threshold conditions are mapped to the desired value in the 
thresholding operation. 

There are two types of thresholding: single thresholds and multiple thresholds [17]. At a single 
threshold, the object and background pixels have gray levels grouped into two dominant modes. 
One way to separate an object from the background is to select the boundary value T. The point 
(x,y) where f(x,y) > T, is called the object. At multiple thresholds, object and background pixels 
have gray levels, which are grouped into three dominant modes, namely classifying one point 
(x,y) as an object class if T1 < (x,y) T2, another object class if f(x, y) > T2, and is the background 
if f(x,y) T1. T function on thresholding: T = T[x,y,p(x,y),f(x,y)], where f(x,y) is the gray level value 
at points (x,y) and p(x ,y) shows some local properties at that point. 

The optimal T threshold value can be found using the Otsu method. The purpose of the Otsu 
method is to automatically divide the histogram of the gray level image into two different areas. 
The approach taken by the Otsu method is to perform discriminant analysis, which is to determine 
a variable that can distinguish between two or more groups that arise naturally. The discriminant 
analysis will maximize these variables to divide the foreground and background objects. 
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2.1.4. Median Filtering 

Noise in an image can occur due to gray-level characteristics or random variables that occur due 
to the characteristics of the Probability Density Function (PDF) [10]. If the image containing noise 
is directly processed and extracted, its important features can cause accuracy problems. So, the 
image should be cleaned of noise first and then processed to extract the important features. One 
technique for reducing noise is order-statistics filters, which are spatial filters where the response 
results are based on the ordering of the pixel values enclosed by the filter. Median filtering is the 
best-known order-statistics filter [10].  

Median filtering takes a particular image area according to a predetermined mask size (usually 
3x3), then looks at each pixel value in that area and replaces the center value in the area with the 
median value. How to get the median value, which is the gray value of the points in the matrix 
sorted from the smallest to the largest value, then determine the value in the middle of the pixel 
series. Median filtering gives good results for images affected by bipolar and unipolar impulse 
noise. This filter provides excellent noise reduction capabilities for certain types of noise, with less 
blurring than linear smoothing filters for the same image size. 

  
3. Result and Discussion 

3.1. Detection Test Result 

The value of the specified parameter affects the level of accuracy of the detection results. The 
parameter is the threshold used as a limit to determine the status of the parking lot, empty or 
filled. The test was conducted using three threshold values: 10, 30, and 70. The selection of this 
threshold value was based on an experiment with several values, and it was found that the three 
values had the most significant difference in detection results. The minimum value limit of 10 and 
a maximum of 70 were chosen because if the threshold value is less than the minimum value or 
more than the maximum value, the detection result will result in many errors, where vacant 
parking spaces are detected as occupied, and conversely occupied parking spaces are detected 
as vacant parking spaces so that the resulting level of accuracy is low. This happens because the 
threshold value to determine the number of white points in a parking box area is too small or too 
large. While testing with a threshold of 20, 40, 50, and 60 aims to determine the details of changes 
inaccuracy. The tests were carried out on 35 car parking image data. An example of the detection 
results carried out in the testing process can be seen in Figure 5. 
 

 
 

Figure 5. Example of Detection Result 

3.2. Testing results in the Matos Parking Area 

The results of empty spaces detection in the car park for the experimental image data located in 
Matos can be seen in Table 1. 
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 Table 1. Detection Results in Matos 

Number 
of Places 

Threshold Filled Empty Filled & Empty  

15 10 99,4% 60,3% 93,8% 
15 20 99,4% 70,1% 96% 
15 30 98,8% 70,8% 87,7% 
15 40 96,8% 70,8% 95,4% 
15 50 96,8% 70,8% 95,4% 
15 60 95% 83,3% 94,9% 
15 70 92,6% 83,3% 92,8% 

 
The number of places in table 1 shows the number of parking boxes in the parking lot image data 
in Matos, and this number is different for each parking lot location. For example, the number of 
parking boxes in the Matos parking lot is different from the number of parking boxes in the MOG 
parking lot. From table 1, it is found that the threshold of 10 and 20 are the best thresholds for 
detecting occupied parking spaces. Thresholds of 60 and 70 are the best thresholds for detecting 
empty parking spaces at the Matos location. In addition, the threshold value of 20 is also the best 
threshold for detecting empty and filled parking spaces. A graph that illustrates the considerable 
influence of the threshold on the detection of parking spaces, whether filled, empty, or overall, at 
the Matos location can be seen in Figure 6.  

From Figure 6, it can be seen that the threshold of 10 and 20 produces the highest accuracy level 
of 99.4% when detecting an occupied parking lot. The 99.4% accuracy rate means that the system 
can detect 99.4% of the parking spaces filled correctly and 0.6% of the total number of parking 
spaces. This indicates that the method applied is optimal enough to detect the presence of filled 
parking spaces. 0.6% of detection errors came from data in dark conditions (afternoon towards 
night), and one car had just been parked with the car's headlights still on. When processed, the 
number of white pixels in the area is less than the threshold, so the parking box area is assumed 
to be empty when filled. In the blue line that shows the effect of the threshold on the accuracy 
level of detecting occupied places, it is found that the greater the threshold value, the lower the 
resulting accuracy will be. The greater the threshold value, the greater the resulting level of 
accuracy. This is in contrast to the effect of the threshold on the level of accuracy for detecting 
blank spaces indicated by the red line.  
 

 
 

Figure 6. Line chart of the Threshold Effect on the Detection Result of Matos Parking Area  

3.3. Testing Result from Journal Data Sourced [16]  

Data from previous journals, which were used for the testing process in this study, amounted to 
18 data. The data is an image of an open car park. The data comes from CCTV in the morning, 
afternoon, and evening conditions. Figure 7 shows an example of data coming from [16].  
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Figure 7. Example of data from Journal Data Sourced [16] 
 
In testing data from journals [16], a threshold with a value of 10, 70, and 30 is used. Threshold 10 
is the best threshold for detecting filled parking lots. The threshold of 70 is the best threshold to 
detect empty parking space, and the threshold of 30 is the best threshold to detect the entire 
parking space. A graph depicting the significant effect of the threshold on the detection of a 
parking space, whether filled, empty, or completely, on data sourced from journals can be seen 
in Figure 7. 
 

 
 

Figure 7. Line Chart of the Threshold Value Effect on Detection Results for Data from Journal 

   
 

Figure 8. Illustration of an Occupied Parking Lot Detection Error 
 

From Figure 7, it can be seen that the threshold of 10 produces the highest level of accuracy of 
85.77% when it detects an occupied parking lot. The blue line on the graph shows that the greater 
the threshold value, the lower the resulting accuracy will be. The accuracy rate of 85.7% means 
that the system can detect a parking lot filled correctly by 85.7%, and the detection error is 14.3% 
of the total number of parking spaces. Several things can cause the detection error of a filled 
parking lot. One of them is the car's color, which tends to be dark or too light. When the vehicle 
detection and edge detection process is carried out for dark car colors like black, or those too 
bright like white, a binary image is generated with a predominance of black in the parking lot that 
should contain the car. This causes the number of white pixels in the parking lot containing black 
or white cars to be smaller than the predetermined threshold, so the system will show that the 
parking space is empty. An example of an error when detecting a parking lot filled with dark or 
light-colored cars can be seen in Figure 8.  
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From the line chart in Figure 7, it can also be seen that the highest level of accuracy when 
detecting an empty parking lot is 77.8%, with a threshold of 70. The 77.8% accuracy rate means 
that the system can detect a vacant parking lot correctly at 77, 8%, and a detection error of 22.4% 
of the total parking spaces. Several things can cause the system error detecting a parking space 
that should have been empty. One of them is the presence of noise in the form of car shadows 
hitting a vacant parking lot or a puddle of water in that place. If there is noise in the input image, 
the system will produce a binary image with many white pixels in the empty parking box when the 
edge detection process is carried out. So that when a selection is made using a predetermined 
threshold, the number of white pixels in the box will be greater than the threshold. So, the system 
will show that the parking space that should be empty is filled. An example of an error when 
detecting an empty parking space can be seen in Figure 9.  
 

  
 

Figure 91. Illustration of an Empty Parking Lot Detection Error 

3.4. Experiment Results of the Data MOG Parking Area 

The data used in the MOG parking lot is the image of an open parking area taken during daytime 
conditions, and the data used is 5 data. Based on the experiment, 10 is the best threshold to 
detect an occupied parking lot. Thresholds of 50, 60, and 70 are the best thresholds for detecting 
empty parking spaces, and the threshold of 30 is the best threshold for detecting the entire parking 
space. A graph depicting the significant effect of the threshold on the detection of parking spaces, 
whether filled, empty, or whole, on the data located in MOG can be seen in Figure 10.  

From the graph in Figure 10, it can be seen that 70 produces the highest level of accuracy of 98% 
when detecting an empty parking space. The 98% accuracy rate means that the system can 
detect an empty parking lot correctly by 98% and an error detection rate of 2% from the total 
number of parking spaces. The effect of the threshold on the results of the detection of an empty 
parking space, namely, the larger the threshold value, the higher the accuracy result. Conversely, 
the higher the threshold value when detecting a filled parking lot, the lower the accuracy. The 
highest accuracy result for detecting an occupied parking lot is 68.2%. This means that the system 
can correctly detect the presence of an empty parking lot at 68.2% and an error rate of 31.8%. 

 

Error detection 
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Figure 10. the Effect of Threshold on Detection Results for MOG Parking Areas 

 

The system error when detecting the parking lot's condition at the MOG location is caused by 
several things. The parking lot is covered by trees located around it. When the vehicle detection 
process is carried out, an image with the dominance of black pixels will be generated in the 
parking lot, which should be covered by trees. The system will detect the place as an empty place. 
In addition, the detection error in the data of MOG parking is caused by the parking lot in the 
second row from the bottom having a significant slope. So that calculating the boundary for the 
parking box area in this row, a very small area will be produced. Therefore, the system will detect 
the box as empty, even though it is filled. Third, error detection is caused by drivers who do not 
park their cars according to the dividing line provided. There are several cars parked beyond the 
dividing line. This will cause the system incorrectly detects the parking lot conditions. An example 
of this error can be seen in Figure 11. 

 

  
 

Figure 11. Example of Errors Detection at MOG Parking Area 
 

The analysis results show that a good accuracy value is obtained when data collection is carried 
out at an angle parallel to the parking area, not in a sloping condition. From the three types of 
datasets used in the testing process, it can be seen that the best accuracy was obtained in the 
first experiment using the parking lot dataset at the Matos shopping center. When viewed in the 
second and third datasets, the parking lot image is taken with a certain inclination angle, making 
it difficult to determine the boundaries for each parking lot box. In addition, the second and third 
datasets have a lot of noise in most of their parking boxes, such as car shadows, areas blocked 
by large trees, and many people in the parking area, thus allowing these objects to be converted 
to white pixels during binarization process, so it is detected as a car object. 
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4. Conclusion 

Based on the results and discussions of the experiments that have been carried out, several 
things can be concluded as follows: first, detecting empty spots in the car park by using vehicle 
detection and edge detection methods. The vehicle detection process consists of 3 processes, 
namely histogram equalization, image subtraction, and binarization. Meanwhile, the edge 
detection process consists of 5 stages: converting color images to grayscale, histogram 
equalization, median filtering, single edge detection, and binarization. The results of both stages 
are compared using the logical AND operator. The threshold used as a limit for determining 
parking space conditions in this study is 10, 20, 30, 40, 50, 60, and 70. 

Second, the detection accuracy value varies depending on the threshold value. The highest 
detection accuracy value for detecting filled parking spaces is 99.4%, with a threshold of 10 with 
data located in Malang Town Square (Matos). The highest detection accuracy value for detecting 
vacant places is 98%, with a threshold of 50, 60, and 70 with data located at Mall Olympic Garden 
(MOG). Meanwhile, the highest detection accuracy value for the entire parking lot is 96%, with a 
threshold of 20 on the data located in Matos. 

For further research, it is necessary to add a method to eliminate noise in the parking lot to reduce 
the detection error rate. In addition, the corner point search process during the initialization 
process can be developed automatically with one of the corner point algorithms to save time on 
initialization. And a more effective and efficient method can be developed to calculate the area of 
each parking lot box. This research is an initial study, which still uses image data taken manually 
(not using images from CCTV). It is hoped that this research can be developed in the next stage 
so that it is integrated with CCTV in real-time, and the detection results can be displayed on an 
information board that can be placed at the entrance area of the car park. 
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