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Introduction
The wireless sensor networks (WSN) has been received 

considerable attention from the research, governments and companies 
due to their potential of providing an easy and cost effective solutions 
in many different areas.1 Therefore, WSN can be integrated with 
other technologies to assist services from intelligent transport 
system (ITS).2 ITS is the junction of various technologies focus on 
providing services and applications that will monitor, manage the 
transportations system, and also make the drive more comfortable 
and safety.3,4 According to the McKinsey prediction,5 the number of 
the vehicle will increase from 1.01 billion in 2013 to 1.32 billion by 
2020. This increasing will impact on the traffic congestion due to the 
demand of road space at peak times,6 as well as, it will generate acute 
parking shortages in cities as demand again exceed supply. Currently, 
the method of finding the parking space is by brute force method, 
where the driver is seeking the vacancy through the streets near the 
destination or even remote. This method considers the knowledge of 
the place (experiences) and with the luck of the drivers. Furthermore, 
it can increase the traffic congestion due to the velocity that drivers 
used when they are looking for a parking space.7 An alternative is to 
find a predefined car park with high capacity. However, this is not an 
optimal solution because the car park could usually be far away from 
the user destination.8 Thus, computational systems could manage the 
parking lot through a combination of different technology, i. e. The 
ITS could prove a service that detects, manage and inform the users 
about the parking lot available in order to release the time of find a 
parking and the congestion. In the literature, there is some works that 
address the free parking lot problem.1,2,8–13 However, some of these 
works use external hardware to support their application. Furthermore, 
these works include a RFID or other device to identify the packet lot 
and the vehicle. Thus, the vehicle needs more embedded devices to 
support the management of parking lot. In this paper, we proposed 
a new service that does not necessary other devices in the vehicle 
to manage the parking lot available in the cities. To detect available 
parking lot, the service use images that can be obtained by the city 
camera system or by the proposal wireless node device that will make 
snapshots of the parking field and will send to the data center. The data 
center will process the image an it will indicate available parking lot 
for the user through the mobile application. The main contributions 
of this paper are:

a.	 Developing and analyzing of image processing service to detect 
available parking lot spaces in an indoor and outdoor places

b.	 Developing an Intelligent transport system data center to manage 
and control this service

c.	 Developing a mobile device to notify the users about the available 
parking lot

d.	 Developing cheap device that will captured the images about the 
parking fields

The rest of this paper is structured as follows. In the next section, 
there is an overview of the main existing approaches for vehicle 
congestion detection in VANETs. The proposed solution is described 
in Section 3, while a detailed performance evaluation and results are 
shown in Section 4. Finally, Section5 summarizes the conclusion and 
make suggestions for future work.

Related works
In the literature there are some works have addressed the Car 

Parking Management system for public or private spaces. Li et al.,9 
proposed a method for car searching system based on a smartphone. 
This method uses some function of indoor localization and path 
navigation to detect and search vehicle into a large park lot. The 
author developed an application based on the QR code and mobile 
application. The QR code is used to format the information that assists 
the search and detect the parking spot available, these data consist of 
the parking lot, and floor and parking location are encoded into QR 
code. The mobile applications are: offline map, scanning the nearly 
QR code to record the parking location, planning the optimal car-
searching path, real-time navigation. Thus, the drivers can scan and 
decode QR codes using a smartphone, and the localization application 
to find the parking lot and their vehicle in a large park. Pham et al.,8 
Proposed a parking system that helps drivers find a free parking space. 
This system is based on Internet of Thing (Io T) and use a data center 
serves as a cloud server to calculate the costs of a parking request. 
The author also use a Local Unit that to res the information of each 
parking space and the located in each car park. This local unit include 
control unit that consists of an Arduini module, which is connected 
using an RFID reader to verify and authenticate driver information 
and calculate the free spaces in each car park and identify the vehicles. 
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Abstract

In this paper, we develop an intelligent parking service based on the wireless sensors for 
public or private spaces. The low-cost sensor node that will monitor the car park field. The 
nodes will capture images of the park field and send periodically to the intelligent transport 
system. The system can be accessed by the mobile devices to perform various management 
functions, such as finding vacant parking lots, and statistic report. We have implemented 
a prototype of the service using Open CV library. The service evaluation demonstrates the 
effectiveness of our design and implementation of our solution, showing that the proposal 
service can manage parking places without impairs other services that can be performed in 
the intelligent transport system.
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Moreover, it also include a Screen that show information about the 
capacity of the local car park, the total f free spaces, the status of the 
RFID tag check, and a mini map of the local car park. Yeh et al.,10 
proposed a system of city parking integration. The system combine 
smart mobile devices, cloud computing technologies, and the global 
positioning system (GPS). Furthermore, the author developed an 
application that makes reservation of park lot as well as provider a 
parking navigation services. When the driver turn on the application, it 
send the user location information to the cloud computing system. The 
cloud system also receives the information the parking information 
that that make through the scan of RFID system in the parking lot. 
After that the system analysis, send the five closest parking lots with 
have available parking spaces to the driver application, allowing them 
to choose the most suitable parking space. Barone et al.,2,11 proposed 
a parking model referred to as intelligent parking assistant (IPA). This 
approach will allow that drivers make some reservation of the parking 
lot at destination before their departure. In addition, it will provide 
information about on-street parking lot availability. IPA is based on 
SPARK system that uses the RFID to indentify the vehicle. The RFID 
allows that IPA gets into the parking spots after this has been reserved 
without an internet connection. IPA allows that other drives make a 
reservation to other people, simply handing small radio frequency 
identification (RFID) tag. Sheelarani et al.,12 proposed application 
that supported the drivers to park their vehicles by finding an empty 
parking lot. This application is based on Android platform and uses 
embedded hardware to assist the application. In this approach, the 
authors use an Infrared Sensors (IRS) to find availability of the slot for 
parking the vehicle. Furthermore, the vehicle consists of a RFID tag 
that is used to identify the user. Thus, the drivers can book a park lot 
in a field by their RFID tag identification. Our proposal is based on the 
image processing methods to detect available parking lot in the inside 
or outside environment. Unlike some other methods, in the proposal 
method does not necessary into hardware or other embedded device 
into the vehicle, it uses images captured by the wirelesses sensors 
node to indicate available lot to the driver. Furthermore, the service 
will be access anywhere and anytime, the system only needing the 
connection to the data center (cloud).

The car parking management service based on 
wireless sensor networks for it’s

This section describes a solution for the detection and manage 
available parking lot in a city, called SPANS – Smart Parking Service. 
S PANS is a service based on image process that will detect available 
parking lot. Furthermore, these services integrated into an intelligent 
transport architecture that will provide the structure for detect, 
manager and notify the drives about this lot. These infrastructure aims 
to avoid heavy traffic in areas that have parking place thereby reducing 
the time and the consumption of the fuel and pollution caused by 
vehicles that search an available lot. The infrastructure uses sensors 
to perform the sensing of a parking place and cameras to record the 
activities. Sensors and cameras will be used to detect significant 
information from the parking so that it is allowed to infer if there are 
some lots available. Furthermore, this infrastructure consists of a data 
center (cloud) that provide a good mechanism for data abstraction 
and image processing, as well as a good communication mechanism 
between drivers and the sensors. Moreover, the data center will offer 
a security mechanism which difficult other people have access to the 
information. The drives will access the data center through a mobile 
application that can run on a smartphone or tablet. Figure 1 shows 
and abstraction of the proposal infrastructure used to detect and notify 

the user about the free parking lot. Therefore, the data center from 
time to time or when the sensor detects a change in the environment, 
receives information about the parking place. This information is 
processed by SPANS that will detect if any parking lot is available. 
After his processing, the system will provide this information 
about the available places that the driver can be used to the driver’s 
application. Once the driver accesses your mobile application, the 
information will show the place that the drivers can stop their near 
of their destination. In the following subsections, we describe how 
the proposal infrastructure was developed as well as the services and 
equipment. Furthermore, we describe the sensor node in case that the 
place does not have a structure of cameras that will capture images of 
the parking lots and information about the available lot.

Figure 1 An Abstraction of proposal infrastructure.

Prototype of data

 Center For the development of this work, the data center are 
implemented as REST Full web services that has the Internet 
connection to receive requests from the driver’s applications as well 
as the receive the images collected by the sensors. The data center 
consists of an abstraction and data processing module execute the 
tasks in the central computer, by obtaining data from the sensors and 
then analyzing and saving the min the database. The data are analyzed 
by SPANS that will detect and indicate the places where are the 
available parking lot. After that, this information is available to the 
driver’s application. A Dell processor to support the data center. In this 
processor, we installed a My SQL database, Apache CXF framework 
to create web services, as well as, we used Jetty as the web server and 
servile container together with our Java algorithms.

Prototype of wireless sensor node

Often places that offer parking do not have a surveillance system 
that monitors the entrance and exit of vehicles as well as parking. 
In other words, this establishment does not have a camera system 
capable of verifying the entry and exit of vehicles in a particular 
parking space. Thus, we have developed a solution to be able to 
monitor these environments. This device besides sending from time 
to time images of them monitored place it will also be covered to 
determine the exit and entrance of a vehicle and a parking space. 
In other words, the sensor will capture a change of scenery in the 
environment and will capture the new image, thus it will be possible 
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to deter the movements of a particular parking space. The wireless 
sensor node is based on a Raspberry Pi model B. Raspberry Pi consist 
of an USB wireless network interface and a traditional Webcam. 
Furthermore the Raspberry used a Raspberry operational system, a 
Python program to read the data from the Raspberry GPIO (General 
Purpose Input/output) pins and Motion for monitoring video signals 
from the Webcam. We choose the Motion because this software can 
be used as a motion detection which writes a file every time that there 
is a change in the image frames. To achieve this, we need to set a time 
interval in seconds of no motion detection triggers the end of an event. 
We set the Motion to take a picture after 10 seconds that it detects a 
change in the environment. This time was chosen to give the vehicle 
time to get out or park the vehicle.

The parking lot information

The parking lot area is splitting in several parking lot places as 
shown in the Figure 2. Each parking lot space has the following 
information:

ID Park: Parking lot place identification

a.	 Desk: Parking lot space description

b.	 X: Coordinate ”X” of the parking lot space in the parking lot area

c.	 Y: Coordinate ”Y” of the parking lot space in the parking lot area

d.	 Width: Width of the parking lot space

e.	 Height: Height of the parking lot space

f.	 Status: Store the current status of the parking lot space. 0 is 
available; 1 is busy

The parking lot information is storage in a database. Once defined 
the parking lot places, using a camera, the system will get an image 
named ”Base Image” of each parking lot space taking into account 
the X and Y coordinates and the width and height values. The”Base 
Image” will be storage into the database and will be used to verify 
whether the parking lot place is available or busy. Initially, all parking 
lot places will be considerate available as showed in the Figure 2. 

Figure 2 Parking lot information.

Image processing
Once the data center receives the pictures of the parking place, it 

starts SPANS. SPANS will perform the processing of the image with 
the purpose of verifying the available lot that the driver can park. For 

achieve this, SPANS needs to follow some steps to allow an efficient 
detection in indoor and outdoor environment. Figure 3 that describe 
the steps that SPANS process need to make in order to can have the 
perception of available parking lot independently of a park in a closed 
area or in the open air.13 

Figure 3 The process image steps that the SPANS needs to follow.

Thus, the first steps the SPANS will load the image that the data 
dented received from the sensors node. After that the SPANS will 
convert the image in a matrix MxN, where the row and the column 
indicate as spatial coordinates in the image, the pixel position. 
Figure 4 show a color image and its matrix pixel red, green and blue. 
Posteriorly, the system will transform the color image to the grayscale 
image. For achieving this, each pixel of the image is read and a 
grayscale color is calculated in that pixel. The Figure 5 describes a 
Java algorithm that receives a color image and returns a grayscale 
image. After this process, the image is passed through a filter called 
Glaussian Blur14 to smooth the image. This filter is a low pass filter 
that will let pass the low frequencies, but it will eliminate the values 
related to the high frequencies. Thus, the effect of this filter is a 
smoothing of the image, since the high frequencies that correspond to 
the abrupt transitions are attenuated. Smoothing tends to reduce noise 
in images.15 The Gaussian Blur uses a Gaussian function that can be 
described as:
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Where x is the distance from the origin on the x-axis, y is the 
distance from the origin on the y-axis and sigma is the standard 
deviation of the Gaussian distribution. Choosing values for alpha is 
possible obtained arrays that will be used as the kernel to convolve 
the image. After the convolution, it is possible to verify a smoothing 
of the image, as we can see in Figure 6. Other technique used is the 
edge detection that highlights edge contours and also amplifies scene 
noise and, in large part, edge operators, enjoy some kind of image 
smoothing before the differential operation.16 In this paper, we use 
the canny algorithm17 which is a first derivative Gaussian operator, 
smoothing the noise and locating the edges. For achieve this, this 
algorithm uses three rules:
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a.	 Detection: ability to locate and mark all the existing borders

b.	 Location: reduce the distance between the true border and the 
detected border

c.	 Answer: there is only one response for each edge

Figure 4 Representation of pixels in colored digital images.

Figure 5 Convert colored image to grayscale in Java.

Figure 6 Smoothing of the image.

Figure 7 show the comparison of the original image with the image 
hat pass by the Canny. For implemented all this process we used the 
Open CV library18 that provides several methods to be used in the 
image processing. The proposal algorithm firstly reads the images 
(lines 2-3 in Algorithm 1). The algorithm converts the read images 
to grayscale (lines 4-5) through the cut Color function. After that, 
it applies filters to remove the imperfections and noises (lines 6-7) 
by Blur function. So, the algorithm detects the number of borders 
in the images (lines 8-9) using Canny and comparing them (10-12) 
through the find Contours that retrieve contours from the image. The 
contours are used to detect the objects in the images. If the number 
of the Current Image is greater than the Base Image, the system set 

the status of the parking lot place as busy. Otherwise, the system set 
the status of the parking lot place as available (lines 13-16). This 
information is updated into the database (line 17) and is used by the 
mobile application. The results of this algorithm we can see in the 
Figure 8 that shows the images gotten from the implementation of the 
proposed algorithm using the Open CV functions.

Figure 7 Result of applying Canny to an image.

Figure 8 Image processing algorithm.

Driver’s application
In order for the drivers to have access to information about parking 
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lots available near the place of destination, we have developed 
an application for the android platform that will perform a secure 
communication with the data center through SSL protocol. This 
application also has a screen to show the map of parking spaces 
through the processing of the photos taken by the sensors so that the 
user can check the best available space for it.

User case
In this section, we describe more detail about the proposal service. 

SPANS were implemented in C++ language to keep a compatibility 
of among the elements that involves the service. However, the 
implementation of the wireless sensor node also uses python to 
facilitate the manager of the embedded device. Moreover, the system 
uses the Open CV library not only to implement the image processing 
but also to create the mechanism to control the webcams remotely. 
The Figure 9 shows the class diagram of SPANS service in the data 
center. The Camera class was created to encapsulate the Open CV 
class called Video Capture which provides an API for capturing video 
from the webcam embedded in the sensors node, as well as, allowing 
SPANS reading video files and image sequences in the database or 
any other monitoring system. Thus, the class camera is derived from 
the class Video Capture that defines methods to access sequential of 
the images from the database. The Cap Thread class is one of the 
most important of the application because it is it that performs all 
the processing weights of comparison between the images to find 
out if the monitored lot is idle or not. The rendering compares all 
the vacancy images that were saved to the local repository with the 
current image extracted from the frame that is constantly updated 
by the camera. When instantiating a new Cap Thread it passes as 
an instance of a Camera class in its constructor from there the Cap 
Thread will have access to all the vacancies that were loaded in the 
Camera class. For the infrastructure has a good efficiency, it initially 
takes a picture of the parking lot. This photograph is requested only 
once in order to register the coordinates of each parking space, in 
addition this image will be used as the default image (Base Image) of 
that establishment. So, the infrastructure can subsequently perform 
the detection of available parking spaces. The Figure 10 shows this 
first stage of the system, in which there is a vacancy registered in 
the system, represented by the yellow square. This registration of 
vacancies can be carried out by the owner of the establishment. Thus 
the system will provide support not only to the users and managers of 
the city, but also to the owners of these establishments. 

Once defined the parking spaces, the system starts the monitoring 
of the parking spaces through the new images coming from the 
sensor nodes. The data center will use the Base Image and the image 
obtained real-time from the sensor to detect the available parking lot. 
The service draws a green rectangle in all available parking spaces. 
Whether the system detects that a parking space has been occupied, it 
updates the status information of the parking space into the database 
and draws a red rectangle in the parking place busy as we can see 
in the Figure 11. The information stored into the database about the 
parking space is accessed by the mobile application that will show 
the information to the users using a friendly interface. The Figure 12 
illustrates the interface showed to the users. The mobile application 
has a grid interface where will showed the current status of each 
parking lot place defined in the system.

Results
In order to evaluate the SPANS service, we used the developed 

infrastructure to make tests were made using a scale model of the 

parking area where were defined 20 parking lot places. Each parking 
lot place was inserted into the database with the available initial 
status. For this, we created a model that represents the parking place 
of Federal Institution of So Paulo, Catanduva, Brazil. The Figure 13 
shows the result of the image processing take into account the scale 
model used in the tests. This test will evaluated the time that the service 
will take to processes the images based on the number of lots that the 
parking has. Therefore, we want to verify the time spent to find the 
parking lot places available. The Figure 14 shows the processing time 
spent to find the available places. As can be seen in the Figure 14, the 
average time spit to find an available place in the parking lot area is 
0.036 seconds. This means that the time spent to find the available 
places was proportional for all parking area. The system could find 
the parking lot places available with 93% of accuracy in the tested 
environment. Thus, SPANS can manage parking places without 
impair other services that can be perform in the intelligent transport 
system.

Figure 9 Diagram of classes using UML of SPANS.

Figure 10 Scale model of the parking area.

Conclusion
In this paper, we have proposed a service that will detect and 

manage available parking lot in a city. The proposed service is based 
image process that will detect available parking lot. Furthermore, this 
service is provided by an intelligent transport architecture that aims to 
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avoid heavy traffic in areas that have a parking place. Thus, reducing 
the time and the consumption of the fuel and pollution caused by 
drivers that are searching for an available lot. Moreover, we made 
a user case that shows how to developing the proposal solution, as 
well as, show the performance of this service. The results showed 
that SPANS can manage parking places without impair other services 
that can be performed in the intelligent transport system. The SPANS 
also showed a good percentage of accuracy in the tested environment 
about 93%. As future work, we intend to create a sub module so that 
the owners of this parking can serve with skink to the sensor nodes, 
as well as, facilitate the management of your establishment. This sub 
module will also allow a decrease of the banking width used in the 
communication between the skin and the data center since the sub 
module only needs to pass a text file from time to time indicating the 
available lots and not the image. Also intending to install this structure 
not only in the university but in the parking lots near the university. In 
addition, perform tests that evaluate the communication capabilities 
of the network.

Figure 11 Example of the system running.

Figure 12 Interface of the mobile application.

Figure 13 Scale model of the parking area after the image processing.

Figure 14 Scale model of the parking area after the image processing.
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