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Abstract
Parking in crowded city areas usually causes serious problems. Drivers spend an amount of time, effort, and
fuel while finding someplace to park their vehicles. Although there are many solutions for free parking space
indication; they are only suitable for parking lots inside the buildings, such as the shopping malls. However, there are
not many solutions for exterior parking lots and for big cities as a whole. The purpose of this paper is to propose
solutions to this problem, especially by considering issues like power consumption and communication approaches.
A parking-space occupancy detection system is proposed, utilizing Bluetooth Low Energy communication and
Arduino-based sensor devices. Raspberry Pi-based central devices redirect the collected data to the cloud-based
database system, which makes them available for drivers to use mobile devices with Android systems. The selected
components make the proposed system easily deployable and scalable.
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1. Introduction
The number of cars (or personal motor vehicles in general) is ever-increasing in the world, especially in developed
countries and regions, where people can afford a car. It is not unusual that a family has more than one private car, and there are
also many company cars available for their employees (e.g. for business trips or for personal use as well). The statistics
provided by Eurostat indicate that there are about five hundred cars per thousand inhabitants [1].

Fig. 1 Red/green indicators inside parking garages [2]
This causes a huge problem not only for transportation infrastructure, but also for finding available parking spaces. People
going anywhere by driving their own car even only for a short time, then they need to park the car. This problem gets even
worse in cities, where it sometimes takes a huge effort to find a place to park a vehicle. It increases other traffic problems, such
as traffic jams and air pollution in city centers. There are many existing solutions for parking lots in shopping malls or company
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buildings. For example, use red/green light-signs to indicate whether the parking space is currently used or is free for parking,
as can be seen in Fig. 1. This solution can be used in the dark areas inside the buildings, where these lights can be spotted. Also,
the lights can easily be provided with electricity from the existing infrastructure. However, this kind of solution faces serious
challenges in exterior areas, where daylight causes the drivers not to see these lights. Therefore, the sensors are usually
connected to navigation boards or even some smartphone apps, for indication of parking occupancy information. Another
problem is that these systems are closed and don't communicate with each other, otherwise they can make finding a parking
place much easier.
With the growth of the Internet of Things [3], finding a parking place is getting much easier. There are plenty of cheap
devices with low power consumption that create small networks. These devices can communicate with each other in a citywide
manner and provide useful information of free parking spaces or parking-capacity utilization. With such information, the
system could provide various useful statistics, not only for drivers but also for city planners and government.
In this paper, a parking system architecture is proposed that can be scaled to the citywide area. The solution is utilizable
for internal as well as external parking spaces. To demonstrate, a prototype using commonly known Arduino [4] and
Raspberry Pi [5] devices is presented, and the communication is based on the widely used Bluetooth Low Energy [6]
technology. In the next section, the related works and the existing solutions of the parking-space detection problems are
summarized. The proposed system is described in Section 3, along with a prototype and simulation testing, accompanied by a
discussion. Section 4 concludes the paper.

2. Related Works
Free parking spaces can be detected in many ways. One way is to detect them visually, using video cameras. There are
existing works that are trying to use statistical models for predicting whether there is a vehicle in a parking space (e.g. [7-9]).
The main problem of using cameras and image-processing to detect free parking spaces is that these devices are expensive, and
the computations of the detection are too slow on cheap microcomputers. Therefore, such solution would not work with
battery-powered low-power devices for the Internet of Things that communicate wirelessly.
Another way of detecting objects (including vehicles) is to use some less sophisticated sensors. A popular solution is to
use ultrasonic sensors in parking buildings (e.g. [2]), which can also measure the distance to the objects. Even though an
ultrasonic sensor can function precisely, it is sensitive to bad environmental conditions; snow or rain can cause the sensor not
to work properly. Because of this, detecting parking spaces outside the buildings cannot be ultimately solved by using these
sensors only; however, they can be combined with other sensors. For example, infrared sensors will not be influenced by the
weather conditions mentioned above at all, as noted in [10]. The parking system for the Internet of Things [11] combines
ultrasonic sensors with passive infrared sensors. Communication between these sensors is solved by Wi-Fi connection to a
microcomputer Raspberry Pi. The parking system stores data in the cloud, thus it is a cheap and scalable approach. By using the
smartphone application, the users can not only find free parking spaces but also pay for the parking. If a driver parks in a wrong
place, the application would send a notification to the driver. In [12], infrared sensors are combined with magnetic sensors to
provide an accurate solution. A combination of infrared, magnetic, and optical sensors is used in [13]. This solution is also
unique by using solar energy to power the exterior sensor devices. Another solution [14] proposed a system with two modes –
one for the interior (using an ultrasonic sensor) and another for the exterior (using a magnetic sensor). For communication, the
system uses Bluetooth Low Energy. The system proposed in [15] uses RFID sensors for identification of vehicles and the
Arduino device as a control unit, sending data to a cloud-server database.
Although there are many existing solutions, which are even being deployed into the commercial sphere, they are the most
useful for small parking lots. On the other hand, there are only a few solutions for large cities. For example, [16] offer a
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community parking system that relies on sensors mounted in cars, which are able to detect free parking spaces. A passing car
automatically sends information about a detected free parking space to the cloud, which then informs the nearby drivers about
its location. It is a unique solution that does not require infrastructure; however, it requires the installation of sensor devices
into the cars. The solution leads to many other problems. For example, if a car without the required sensor device is passing by
a free parking space, it is undetected. Also, while the driver is moving to the detected free parking space, some cars without the
sensor device can take the spot and the driver will not be notified.
There also exist reservation-based systems, such as [17-19], which do not rely on sensors to detect free parking spaces, but
rather use some kind of a registration database. A driver reserves a parking space in a specific time by means of Android-based
application, and the server-side of the system informs other users searching for a parking space about the unavailability of the
reserved parking space during the period of the reserved time. The advantage of this system is that it can automatically bill the
driver for parking, or even pay the fee using the smartphone. However, the system relies on the discipline of drivers to provide
accurate data to the system, therefore it does not provide optimal utilization of parking spaces. For example, if the driver
doesn't know how long he/she will park the car in advance, then the parking space may be reserved for a longer time than it is
necessary. From an economic point of commercial parking lots, this is not a problem (the driver pays the entire time period);
however, it is a huge problem, if other drivers cannot park the car because of this situation, the traffic congestion increases.
Thus, such a system cannot be used for real-time occupancy information. Also, the system is closed, which means the parking
spaces cannot be used by unregistered drivers (i.e. without the corresponding Android-based application) because it wouldn’t
provide the correct information about occupancy.
Many different ways can be used for the communication between devices. A wired connection would be problematic in
exterior areas, since it is required to connect all of the devices. Because of this, a wireless communication makes the solution
more scalable, and thus it is more suitable. The most popular wireless technologies, such as Wi-Fi or Bluetooth, consume too
much power; it is not suitable for battery-powered or energy-harvesting sensor devices with a limited amount of energy.
However, the latest evolvement of Bluetooth standard is that there is a more power-efficient Bluetooth Low Energy technology
[20].
The vision-based solutions for the detection of free parking spaces are not suitable for power-limited IoT applications
because of their performance requirements. This is why the commercial solutions are mostly based on simpler sensors, such as
infrared or ultrasonic and their combinations. However, the commercial solutions are closed and the information is not
exchanged between parking lots using different parking systems. This is also a downside of usual Android-based parking
systems, which rely on reservation databases to provide information about free parking spaces. In this paper, a more open
solution is targeted that would be able to detect free parking spaces for drivers with a high precision; it could also provide
useful data for cities (such as statistics of occupancy). One of the key contributions of the proposed system is that it is based on
widely available and well-known devices using open software that do not charge license fees. It implies the high scalability
because everyone can use this low-cost and open detection system to share parking-space occupancy information (e.g. personal
parking spots, commercial parking lots, public parking spaces). Thus, it enables to share occupancy information in a citywide
manner. The system can be used for interior and exterior parking lots, as well as for street-based public parking spaces. The
system can even be combined with the existing parking systems to provide occupational information about administering
parking spaces. The solution is proposed in the next section.

3. The Proposed System and Experimental Procedure
Based on the analysis of the existing solutions (summarized in Section 2) and available hardware components, the
following requirements have been specified for the new system:
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(1) Parking-space occupancy detection – the system should be able to track the occupancy of individual parking spots,
(2) Visualization of free parking spaces – the system should inform a driver where the car can be parked,
(3) Parking statistics – the system should provide historical and statistical data of the capacity utilization in time,
(4) Wireless communication – to maximize the scalability and reduce infrastructure costs and cabling problems,
(5) Low energy consumption – sensor devices can run on batteries for years,
(6) Easily available components – the system should be based on widely used well-known devices and open-source or free
software without license fees.
The system proposed in this paper meets the specified requirements. The first requirement is achieved by selecting an
appropriate combination of sensors, especially an infrared sensor for exterior areas and an ultrasonic sensor for interior usage.
The second requirement is met by the development of an Android application, which presents detected information to drivers.
The third requirement is fulfilled by providing local parking-lot statistics to its administrator; the global parking statistics to
other users and municipalities. The fourth requirement is met by utilizing Bluetooth Low Energy as a communication
technology that connects peripheral and central devices. The fifth requirement relates to the fourth one, as the low-power
communication is used and the sensor devices are simple low-power end nodes. The selectors of system components adheres to
the last requirement – well-known Arduino and Raspberry Pi devices have been selected, for which plenty of libraries,
software, extensions, and user guides are freely available. The components and other aspects of the proposed system are
described more thoroughly in the following subsections.
3.1. The system architecture and components

Fig. 2 The proposed system architecture
An overview of the proposed system architecture is illustrated in Fig. 2. There are two kinds of devices used:
(1) Peripheral devices - These devices collect data from sensors and are responsible for sending them to central devices.
Arduino UNO has been selected as a device that would be suitable for the goal.
(2) Central devices - These devices need higher computing power and also some memory space to store all the data sent by
peripheral devices. For these reasons, Raspberry Pi 3 is used as a central device.
The sensors (an infrared proximity sensor for exterior usage combined with an ultrasonic sensor for interior usage) detect
whether a parking space is occupied and are directly connected to the corresponding peripheral device, represented by Arduino.
A single peripheral device can handle multiple parking spots (up to eight in the case of Arduino UNO).
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Arduino [4] is a popular microcontroller, which has different versions. It is effective for collecting data from various
sensors and has many extension shields that can connect it to other devices. For the prototype system, Arduino UNO has been
used, which is cheap, easy to use, and has low power consumption. It can be easily extended using various shields, such as the
Bluetooth Low Energy shield that was used in the proposed system. It enables to communicate wirelessly with a central device,
represented by Raspberry Pi.
Raspberry Pi [5] is a microcomputer with many useful features. For example, the latest version (Raspberry Pi 3) can
communicate by using Bluetooth Low Energy, which is built-in to this board. Raspberry Pi can be connected to the Internet
using Ethernet or Wi-Fi. It can be used as a simple computer running a Linux-based operating system. Therefore, the SQLite3
database management system (DBMS) can be installed; it enables to store higher amounts of data (such as important statistics)
easily. Raspberry Pi has higher power consumption than Arduino UNO, but this is not really a problem since only peripheral
sensor devices are powered by a limited energy source (e.g. a battery).
A central device sends data to the Backendless cloud server using the internet connection. A driver with an Android-based
system can then use a smartphone application, which downloads the data from the cloud and displays demanded information
about free parking spaces.
3.2. Collecting and storing the data
It is necessary to periodically collect the data about the parking-space occupation. Collecting and sending the data from
sensors, using Arduino and the Bluetooth Low Energy shield, must be implemented in precisely selected intervals. Collecting
the data too often would lead to a waste of power, and on the other hand, collecting them too rarely might cause the provided
information is not the latest (i.e. it is inaccurate). Based on the power consumption of Bluetooth Low Energy [16], the ideal
time would be around two seconds. Between the data collection time points, the sensor device is put into an energy-saving
sleep state.
For clarification, Arduino reads the data from sensors every two seconds, writes these data into characteristics (i.e. a data
structure used by Bluetooth Low Energy), and then switches to a sleep state. Raspberry Pi probes this data from all Arduino
devices in reach, stores them into the SQLite3 database system, and every 25 seconds they are sent to the Backendless cloud
server.
Advanced statistics for a parking-lot administrator are available in the local SQLite3 database. These statistics represent
information about the day-wide capacity utilization of the parking lot as a whole, as well as information about the utilization of
individual parking spots. The statistics available from cloud-based server represents citywide statistics about parking-spaces
utilization. Such data can help to identify which parts of the city have an insufficient amount of parking spaces at the peak time,
or which have enough capacity (or even the spare capacity). It can help with an urbanistic plan, or it can also be used by the
parking-lots administrators to redirect drivers among each other.
3.3. The implemented prototype

Fig. 3 Bluetooth low energy application services
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Basic concepts of the proposed solution have been validated by implementing a prototype system, which operates as
follows.
The communication between peripheral and central devices using Bluetooth Low Energy is accomplished using a custom
profile, illustrated in Fig. 3. Parking service is an advertised service, which encapsulates three characteristics – Free, Region
num, and Space num. The UUID (universally unique identifier) of this service is 5bab2ffaa-b355-4d8a-96ef-2963812dd0b8.
Free is a characteristic that contains information about free parking spaces. Region num defines a region number, which can be
used to identify different parking lots. Space num represents a unique number of the parking space in a certain region.
Such information is then filled into a Spaces structure, which is enriched by the identification number of the central device
and timestamp of the information. Such enriched information is sent to the cloud, which also contains location coordinates of
the registered parking regions. The region coordinates are used to locate the regions of the Google maps service.
To communicate with the Backendless cloud, the Rest API is used with the functions summarized in Table 1. Each Rest
API message header includes these header parameters:
(1) application-id = A7B592CB-6F8B-B207-FFE8-3706A8A51100
(2) secret-id = AA29AB77-265B-016D-FF75-597FA2F18A00
(3) application-type = REST
Table 1 The used Rest API functions
Function
Description
GET /SPACES
Get all spaces
GET /SPACES?where=
Get spaces from the region
REGION_NUM%3DXX
POST /SPACES
Insert new space
PUT /SPACES/:uuid
Update the parking space with the specified UUID
All of the requests were sent to URL http://api.backendless.com/v1/, which was further supplemented with the functions
in Table 1. The POST and PUT requests have the same headers and, in addition, they have parameters obtained from sensors in
their payloads.

Fig. 4 Android application prototype windows
For a driver, a simple Android app has been developed, which displays region numbers along with a number of free
parking spaces. An illustration of this app is provided in Fig. 4.
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By selecting a region (the left part of Fig. 4), the app shows a detailed view that indicates which of the parking spots are
not occupied (the green space in the middle part of Fig. 4). The app also utilizes a Google map-integrated localization function,
which indicates where the parking lots are, and which one has the available capacity (using the typical red/green indication
markers).

Fig. 5 The parking-lot administrator desktop application prototype
For a parking lot administrator, a desktop app with a graphical user interface was proposed, which can provide statistics,
such as the number of free parking spaces during a day. A screenshot of the application prototype with the illustrated statistics
is provided in Fig. 5.
3.4. Simulation-based testing

Fig. 6 Infrared proximity sensors connected to an Arduino device
The parking lots conditions have been simulated by using model vehicles. The test comprised of four parts – testing of
vehicle detection, Bluetooth Low Energy communication, HTTP communication, and the Android application.
In order to connect infrared proximity sensors to Arduino, the Bluetooth Low Energy shield (RedBearLabs BLE Shield
2.1) has been firstly connected directly to the Arduino device (at least the pins 11, 12, 13 and 8, 9 should be connected to the
same pins on Arduino). Then, supply ports and digital pins 2-5 have been connected to pins 1 – 4 on the YL-70 module, which
supports four infrared proximity sensors (for each, VCC, GND, and INx pins were connected to VCC, GND, and OUT pins). A
schematic view of the module interconnection is illustrated in Fig. 6.
After starting the Arduino, its Serial monitor was used to check whether the values are right in dependence on which
sensor supposed to detect an obstacle (in the tested case it would be a vehicle). Apart from the infrared sensors, other sensors
have been tried, such as ultrasonic sensors, vibration sensors, and photoresistors. However, only the ultrasonic and infrared
sensors were able to provide enough information and successfully detect an obstacle.
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After checking the sensors, the application on Raspberry Pi has been started. This application has successfully established
the Bluetooth Low Energy connection with the Arduino communication module and read the available characteristics. It has
been able to find these characteristics: free space, region number, and a number of spaces, which corresponds to the Parking
service characteristics. After the obtained data were parsed, they have been checked whether they are correct when covering
the sensor. From the result of the test, it has been concluded that Arduino has sent the correct data and Raspberry has received
and processed them correctly.
When uploading the data to the Backendless server, Raspberry firstly downloads the data in order to get object IDs, which
are used to update the information. An example of the obtained object ID during the test is provided below.
OBJECT:
0
3
1
FD28DEAE-4394-6630-FFBD-1F4B86058D00
After that, Raspberry either uploads (PUT) or inserts the data into the online database (POST). An example of such an
operation during testing is provided below.
3
0
1
http://api.backendless.com/v1/data/SPACES/FD28DEAE-4394-6630-FFBD-1F4B86058D00
<Response [200]>
The response code 200 in the example above means that the HTTP request has been successful.

Fig. 7 Comparison of the Backendless-stored data and the downloaded data in the Android application
The Android application loads the data from the Internet and displays them to drivers. After starting the application, it
downloads the data from the Backendless cloud server. The data provided on the Backendless has been manually compared to
the displayed information in the application, as illustrated in Fig. 7.
Based on the information in Fig. 7, the data are correctly interpreted (i.e. the numbers on the left correspond to the
numbers on the right). When a region in the list has been selected by clicking, it has correctly displayed a screen with more
detailed information. After clicking the back arrow, a test user has been navigated back to the list with regions. In the regions
list, the user can click on a small icon of the globe. The user has consequently been navigated correctly to a map, where the
regions have been visualized by markers. The marker was red when there was no free parking space available, and it was green
when there was at least one free parking space. The locations for markers have been successfully downloaded from another
database table in Backendless.
3.5. Discussion
The described work proposed a system that enables to collect important statistics about parking-space utilization in
various regions of the city. Such data can be used by the municipality for better parking policies and urban planning. The
offered solution enables to share parking-space occupancy information from the existing parking systems. It also offers to
implement new parking-space occupancy detection sensor devices based on well-known Arduino Uno (i.e. low power, low
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cost) and shares the information using the proposed system. For parking lots administrators, the solution offers the Raspberry
Pi-based central device, collecting the information from the sensor devices, sending them to the cloud storage, and providing
statistics about the administered parking lot utilization.
Compared to the existing solutions, the proposed system is oriented to the citywide information about the availability of
free parking spaces and statistics about their utilization in time (unlike the parking-lot oriented commercial systems). The
occupancy detection is based on low-cost sensor devices that are able to run on batteries for years (unlike the vision-based
solutions). Since the sensors are located in parking spots, they are independent of the vehicles (unlike the car-mounted sensors).
In comparison to the reservation-based parking systems, the proposed solution provides real-time occupancy information and
is available for everyone, also is independent of the drivers discipline to register and use the corresponding smartphone
reservation applications.
However, the offered solution is not suitable as a replacement for the commercial parking systems. It does not enable to
reserve a parking space or pay a fee for the parking-spot usage. It should be used in combination with such systems when it is
needed, or it can be seen as an extension, providing occupancy information to the public and municipality.
There are other technological limitations of the proposed solution. A single Arduino Uno sensor device is able to monitor
up to eight parking spaces. A single Raspberry Pi can collect information for up to 65536 parking spaces. The proposed cloud
server can store the data from up to 65536 regions. These numbers could be scaled, but it would require a modification of the
proposed data structures.

4. Conclusions
This paper is devoted to the problem of finding free parking spaces in big cities. More specifically, the proposed system is
able to detect whether a parking space is occupied or not by using infrared and ultrasonic sensors. These sensors are controlled
by a peripheral device, Arduino UNO in the tested prototype, which gathers data from up to eight sensors to process them and
sends them to a central device (Raspberry Pi 3 in this case) using the Bluetooth Low Energy communication technology. The
central device collects data from all peripheral devices in the range and stores them in the local SQLite3 database. These data
are periodically updated to the Backendless cloud server via an internet connection, where the data are available for drivers
using the proposed Android application for finding free parking spaces.
Besides this functionality, the proposed system gathers useful statistical information for parking-lot administrators (e.g.
the occupation of individual parking spots in time), as well as global statistics for the municipality or government in a form of
parking-capacity utilization per parking regions in time. It can be used to improve parking policies in cities (such as the
limited-access areas in city centers or the setting of parking taxes) or for urban planning (e.g. how many new parking spaces
must real-estate developers provide for new apartment buildings).
The advantage of the proposed system is that it is based on the widely available and well-known devices using the open
software without any license fees. It can be used for interior and exterior parking lots, as well as for street-based public parking
spaces. The system is scalable and each part can be easily replaced. The contribution is that the system enables anyone to build
sensor devices (or to use the existing parking systems) and sent parking-space occupancy information to the cloud-based
collector, where it will be available to the public (e.g. drivers, municipality). By implementing and testing the prototype, it has
been proved that the system successfully detects free parking spaces and collects important parking statistics.
In the further work, there is a possibility to integrate navigation functionality into the system. It should be not very
difficult, as the system already provides GPS locations of parking lots. Also, both applications (the Android app for drivers and
the desktop app for administrators) need to be improved, since only prototypes have been developed for the testing purpose,
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which are not suitable for the industrial usage. Other Android-based solutions provide even the capability to reserve a parking
space prior to the arrival and to pay the parking-fee using a smartphone. Although it is outside of the scope of the work, it also
represents a possible extension in the future.
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