ParkCar: A smart roadside parking application
exploiting the mobile crowdsensing paradigm
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Abstract— In this paper, we design and implement a mobile
crowdsensing smart roadside parking system, called ParkCar,
exploiting the key elements that a mobile crowdsensing system
(MCS) should possess. We present its architecture and basic
operational characteristics, placing emphasis on the specific
solutions adopted to respond to specific MCS open challenges,
related mostly to efficient task assignment process, data quality
and integrity, energy efficiency, security and privacy and
incentive provisioning.
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I. INTRODUCTION

N recent years, the trend of urbanization clearly stresses
the need to focus on the design and deployment of smart
cities, towards reducing CO; emissions and enhance energy

savings [1]. Transportation constitutes one of the four pillars
of a modern smart city [2]. In most countries, traffic
congestion is widely recognized as a major problem,
contributing significantly to environmental pollution, global
warming, noise levels increments and depletion of fossil fuels,
while it has negative effects on the overall quality of life [3, 4,
5, 6, 7]. For the reasons above, high volumes of traffic needs
to be lessened. A significant contribution to urban congestion
is attributed to drivers searching for available parking spaces
[8]. It is generally recognized that finding parking spaces in a
time-efficient manner constitutes a problem that should be
efficiently and cost-effectively solved. To this end, smart
parking applications are expected to significantly decrease the
time needed to find a parking space and consequently reduce
traffic congestion.

Most smart parking applications already proposed in related
literature either do not consider roadside parking spaces and/or
assume extensive deployment of sensors so as to detect the
arrival/departure of wvehicles [9,10,11,12]. Although this
solution provides accurate information of available parking
lots, its infrastructure deployment and maintenance is costly.

Recently, the proliferation of mobile devices in conjunction
with the advancement in their communication, computing,
storage and multi-modal sensing capabilities has given rise to
a new sensing paradigm, the so called Mobile Crowd Sensing
(MCS) [13]. MCS leverages on the power and wisdom of the
crowd, exploiting human intelligence, ubiquity and mobility
features, empowering the people to contribute data, sensed or
generated, from their mobile devices. MCS has recently
attracted the researchers’ attention with applications ranging
from environmental monitoring [14] to traffic planning [15],
healthcare, public safety [16] to smart parking [6, 12].
However, a number of critical issues and challenges should be
adequately addressed in order to MCS to achieve its full
potentials [17].

Several smart parking applications exploiting the MCS
paradigm have recently been proposed [6, 8, 12, 18]. Most of
the solutions are based on a combination of sensor deployment
and information collected from users who submit parking
availability information. In this way, the application can
propose a parking space which best suits the wusers’
requirements, provisionally reserve it and subsequently
provide guidance details. In this paper, we design and
implement a mobile crowdsensing smart roadside parking
system, called ParkCar. We present its basic operational
characteristics and specific solutions which were adopted to
tackle specific MCS open challenges.

The rest of the paper is structured as follows. Section II
overviews smart parking systems already proposed. Section III
highlights MCS characteristics and challenges that should be
addressed when designing an MCS application. Section IV
presents, in detail, the ParkCar application, focusing on how
each design aspect is addressed. Finally, Section V concludes
the paper and highlights our future plans.

II. RELATED WORK

The problem of searching for available parking spaces has
been addressed by the scientific community in different ways.



Parking availability prediction [19], smart traffic management
[20], architectures for parking management [21], etc. are
examples of different approaches to mitigate the problems
related with searching free parking spaces [22].

Several MCS paradigms have presented in smart parking
solutions. In [18], the authors introduce an application which
is built around a map view that shows the availability status of
car parks, which by default follows the user's location. The
application collects data with explicit user participation or
monitors conspicuous facts that imply something about car
parking availability. In [23], the authors present an application
which prompts users to submit data about parking availability.
They divide the parking area to lot zones to record user
movement information. The application wuses the
accelerometer to register the motion so that can determine in
which zone the user is located using the GPS and if the user is
entering or leaving the parking lot. To reduce the influence of
crowdsourcing data manipulation, expert data is also collected
by an authority figure.

Furthermore, in [8] they authors have developed an
application which collects parking availability information
from drivers, who report their destination, their current
location and car speed while driving and the parking
availability on a certain street when they arrive. When a driver
approaches his destination, the application searches for
potential parking vacancies and informs the driver of the
search result combined with a parking availability map. The
devices can also collect geo-tagged sensor data automatically
without drivers’ intervention when the car is moving. Finally,
the application rewards the participants according to their
contribution level so that the incentives will be directly
relevant to the application‘s goal. In [24] the authors present
an application which approaches the problem of finding free
parking spaces with a method utilizing primarily the activity
recognition of two device states, in vehicle and on foot, to
recognize if a user found to park and then he walks or if the
parking area is full. This is combined with the location
information. Any user can also manually input the status of a
parking lot. They have tried to solve a number of challenges
such as power consumption, incentives, and malicious users.
In [25] the authors propose an application that detects
available parking spots in cities using smart phones combined
with ultrasonic sensing devices installed on vehicles.

III. MOBILE CROWD SENSING CHARACTERISTICS AND
CHALLENGES

In this section, we briefly overview the most significant
aspects and challenges that should be addressed in the context
of MCS systems. MCS applications are based on data
collection and analysis, applying appropriate data mining
algorithms so as to identify spatio-temporal patterns, generate
models and make predictions on physical or social phenomena
being observed [13]. Data are collected both from the physical
world (sensed data from mobile devices) as well as from
online communities (mobile social network services related
data) [26], which are often complementary, while humans are
involved in the loop for data collection, processing, analysis

and sharing [27]. MCS involves both implicit and explicit user
participation in the data collection process with opportunistic
sensing (which does not require users to actively act) and
participatory sensing (that necessitates the active involvement
of users) [13].

Numerous research challenges arise and should be
adequately addressed. First, identifying and scheduling sensing
tasks across multiple devices with diverse sensing capabilities
and resource availabilities/limitations imposed is a quite
complex issue to address. Second, taking into account the fact
that different types of sensed data could be produced serving
the same purpose, another challenging issue to solve is how to
assure the quality level of the data collected, while minimizing
the consumption of resources necessitated by the mobile
devices. Third, the MCS systems should preserve the integrity
of the collected data, considering also the case of potentially
inaccurate / erroneous data provisioning. Thus, MCS systems
should be highly adaptive and robust in order to adequately
identify and address inadequate user participation, overcoming
though the barriers imposed by obsolete, inconsistent and/or
inaccurate data collections [28]. Fourth, considering the fact
that privacy concerns are raised, MCS systems should
incorporate a generic security framework so as to preserve the
privacy of the individuals. Fifth, in order to guarantee adequate
user participation, appropriate incentive mechanisms should be
in place in order to promote user participation, retain their
engagement to accurate data collection [29]. Finally, in order to
cater for energy efficiency in MCS systems, it is of outmost
importance to identify common data needs, allow for data
sharing across different applications.

In [17], the authors critically surveyed MCS systems,
models and architectures proposed in related research
literature, analyzed their distinct features and discussed on
their merits and weaknesses. They concluded that each MCS
system is based on different assumptions, adopting different
architectures/models, aiming to provide solutions to different
sub-problems. They also included a list with the characteristics
that MCS applications/architectures should possess, advancing
context-awareness, self-adaptivity and advanced cognitive
capabilities, while the potential interdependencies of MCS key
features should be taken into account.

IV. PARKCAR SYSTEM

In this section, ParkCar, our proposed smart roadside
parking system is presented in a detailed manner. ParkCar is
based on the MCS paradigm, but it can be extended to
combine with deployed sensory infrastructure. As a first step,
the architecture of our crowd sensing system and the most
important information about its operation are described and
following on, the manner in which ParkCar addresses several
MCS related challenges is discussed.

A. System Design

ParkCar follows the general architectural design of an
MCS system, comprising the following main entities: a) the



requestors, b) the workers and c¢) the platform. Thus, in
ParkCar, the actors involved in the life cycle of a request are:

» CrowdSourcers-Requestors (CS-R): they issue requests
pertinent to finding available parking spots in areas of
interest, see the answers provided by CrowdWorkers to
the platform (the subset pertinent to their issued
request) and finally delete the requests submitted.

» CrowdWorkers-Participants (CW-P): that are assigned
to several tasks pertinent to data collection, they are the
main source of information and play major role in data
collection. They can see the current tasks in the system,
choose to participate or not in data collection and
upload data about parking availability.

» Crowdsensing Platform (CP): the platform is the main
communication link between CW-P and CS-R.
Requests issued by CS-R and the related data are
stored in the platform. Also, the platform stores and
processes data provided from CW-Ps concerning
issued requests and finally exports data to the
appropriate CS-Rs and rewards workers’ contribution.

At this point it should to be noted that a user can act as CS-R
and CW-P at the same time. Thus, the system enables a user to
issue a request and to participate in one or more tasks
simultaneously.

ParkCar system architecture is graphically depicted in Fig. 1.
It comprises the users’ mobile application part (which
currently has been implemented for mobile devices running
Android OS) and the backend platform. The backend consists
of a database and exploits the Google Cloud Messaging,
which is used to notify users when certain conditions are met.
Specifically, the system sends notifications, even in case the
application is in the background, to:

» CW-Ps when they are selected to participate in a task.

» CS-Rs when there is an answer to their issued request.

» CS-Rs when issued requests are deleted.
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Figure 1. System Architecture

ParkCar has been designed following context-aware
principles. Specifically, dynamic data pertinent to users’ and
devices’ profile are exploited so as to improve the overall task
assignment procedure. The location and the battery level of
users’ mobile devices are collected in specific time intervals,
without the need for active involvement of the users, even
when the ParkCar mobile application is in the background. In
this sense, opportunistic sensing is performed. However, in
order for a user to contribute to a task (i.e. provide parking
availability information), his/her active participation is

necessitated, following the participatory sensing paradigm.
Thus, ParkCar involves both explicit and implicit user
participation in the data collection process for improving the
performance of the system. For addressing privacy concerns,
ParkCar allows users to turn on and off the process of
recording their locations at their own will.

B. ParkCar application

Once the user opens the ParkCar application, he/she is
prompted to either sign up into the system by filling in
requested information (i.e., username, password) or sign in if
he/she is a registered user, filling in his/her username and
his/her password. After logging in, the main page of the
application appears with the following options (Fig. 2):

» Account Information: The user selects this option in
order to see/modify his/her account information (all
registered data as well as the overall reward the user
has collected, contributing to task execution). It is
noted that the user cannot modify the reward value.

» Task Creation: The user selects this option in order
to create a new request concerning parking spot
availability and submit it to the system, providing the
requested information, such as city, address, and
optionally other information that could be useful to
CW-Ps for task execution (e.g., if a photo of the free
parking is required), as shown in Fig. 3. The system
enables the user to see his/her current location on the
map, search an address and select a point of interest.
The user is allowed to issue and submit more than
one request at a time. Each submitted request
terminates either by the requestor or after a pre-
specified time period has passed.

» Task Execution (Show Current Tasks): The user
selects this option in order to browse the list of
current tasks in the system that he/she can potentially
contribute based on his/her recorded location. The
user can select a task to view pertinent information
(i.e., address of the point of interest and expiry time)
and participate if he/she decides so. If the user
chooses to participate, he/she can enter real-time data
about parking availability, filling in information such
as city, address, extra information requested by
requestors, and/or take a picture of a free parking
space. Finally, he/she can view on the map his/her
current location, the location of a selected task and
select the associated point via the map.

» Parking Information (Show Answers): The user
selects this option in order to see the answers
returned by CW-Ps pertinent to his/her submitted
tasks. The list of answers per request is displayed in
an ascending order, showing first the responses with
the minimum distance from the user's current location
and the point of available parking specified in the
answer. The user can see on the map the location of
each provided answer, his/her own location and route
directions (Fig. 4). Also, the user can open Google
Maps via Park Car for extra navigation. Additionally,



the user can see the availability of spaces to different
municipal parking places. Finally, the user may
delete his task if he / she found a parking space.

Location Recording: OFF

Figure 3. Task Creation

The life cycle of the task is illustrated in Fig. 5. When a
user wants a free parking space, he/she creates a task
providing details on the area of interest. Subsequently, the
system notifies users that could contribute to the task. If a user
wants to participate, he/she should submit the required data to
the system within a time period. Following, the application
sends a notification to the requestor about this new answer,
which can be seen with map view. Finally, the system returns
to CW-Ps a reward according to their contribution. The reward
is calculated by the platform (platform-centric) and CW-Ps do
not have control over the payment.

C. MCS Challenges Addressed

In the following we present the mechanisms implemented
in ParkCar system in relation to several MCS challenges.

Figure 4. Show Route Directions

Task Assignment Process: In ParkCar, the overall task
assignment process is context aware, is performed in an
energy-efficient manner and follows the dynamic nature of
users’ presence within a specified area. Specifically, task
assignment process is location dependent. Each time a CS-R
creates a request, the system obtains the coordinates of the
address specified and selects as potential CW-P users that are
in close proximity to a pre-specified distance from the area of
interest. By assigning crowdsensing tasks to the closest CW-
Ps to the specified position, ParkCar endeavors to minimize
the crowdsensing cost, minimize the time required for
providing a response and maximize requestors’ satisfaction,
by finding available parking spaces near to the area of interest
in a time efficient manner. Additionally, task allocation
process takes into account the battery level of users’ devices,
so as to ensure that CW-Ps are enabled to provide accurate
responses. Thus, the battery level of CW-Ps devices should
exceed a certain threshold. At this point it should be noted that
users receive task notifications in a push-based manner (not
requiring users’ intervention) according to their location (that
is users that have deactivated location recording are not going
to receive task notifications).

Task assignment is an iterative process. The area
considered is split in a number of zones, considering different
distances from the provided point of interest. The number of
zones is dynamically formed per request; each zone comprises
at least a pre-specified number of CW-Ps. Initially, the
notification is sent to CW-Ps in the first zone. After a time
period has elapsed, in case the task has not been deleted, the
task assignment proceeds by sending a notification to CW-Ps
in the next zone; otherwise, the task assignment process ends.
This process takes place in consecutive steps until either the
task is deleted or the current examined zone considers the
whole area. In a nutshell, task assignment process is designed
as an iterative process so as to consecutively assign tasks to
the most appropriate CW-Ps, considering also the dynamic
arrival of new CW-Ps in the considered area. This approach
enhances ParkCar’s Scalability, improves data quality and
allows tasks to be distributed in a timely manner.

Data quality and accuracy: As already noted, the task
assignment process aims at allocating the tasks to CW-Ps



being closer to the point of interest so that CS-Rs acquire
responses in a time efficient manner. Additionally, as soon as
a CW-P submits an answer to the system, the system notifies
the CS-R immediately. Moreover, taking into account the
presence of selfish and/or malicious users that may provide
erroneous data in purpose so as to disgrade the usefulness of
the collected data and/or take advantage of certain situations
and in order to ensure the validity and the integrity of the
collected data, the system checks if the users are in close
proximity (within few meters) from the position they indicate
in their answer as being an available parking spot. If not, the
answer is deemed as inaccurate is not returned to the CS-R.
Finally, in order to cater for duplicate answer provisioning
from the same CW-P indicating the same parking spot, the
system checks the distance of the position indicated in the two
answers; if it is less than a pre-defined distance, only one of
the provided answers is deemed as valid. Finally, it should be
noted that the ParkCar system providing also real-time
availability of parking spaces in municipal parking areas thus
improving the overall quality of data.
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Figure 5. Task Life Cycle

Energy-Efficiency/ Resource Consumption Minimization: A
service task assignment process monitors the users’ location.
Thus, users’ devices send update messages to the system to
keep their location information updated. Given that these
update messages consititute an overhead, this process is
performed every 10 minutes in order to minimize the number
of update messages and to reduce energy consumption.
Addtionally, updates to the system about battery levels of the
users’ devices are sent only when a change in the respective
values is observed. This reduces the frequency and amount of
data transferred from each device to the database. Aiming at
resource consumption minimization, the system endeavors to
involve in each task execution a minimum number of CW-Ps.

Finally, the requested tasks and the respective collected
answers are automatically deleted when the tasks have expired
in order to reduce the data stored in the database and save
resources.

Privacy and Security: MCS goals are accomplished on the
basis of users’ contributions. However, sensed data tagged
with spatio-temporal information could be exploited in order
to infer users’ daily habits, routines and personal activities.
Users would like to have access to a smart parking service,
but, in general, they are reluctant in disclosing sensitive
information (such as users’ current location and points of
interest). As privacy is user specific and should take into
account users’ willingness to share data, the ParkCar system
allows them to control data collection and submission,
enabling them to activate/deactivate whenever they wish
location monitoring. Additionally, in our system only the last
user’s position is recorded, thus, mobility patterns cannot be
inferred. Additionally, this information is binded to a user-id
generated during user registration in the system. Thus, the user
identity is not easily extracted. Moreover, for security reasons,
ParkCar automatically releases users’ connections after a time
period has elapsed and notifies them to reconnect. In this way,
ParkCar endeavors to guarantee that the system will not be
accessed and used from other users in case devices are lost or
stolen. Furthermore, once the user connection is released,
location detection is not performed. Finally, as already pointed
out, the system checks if a CW-P is found actually at the point
indicated in his/her answer in order to ensure that the collected
data is correct and the quality of the result is not undermined.

Incentives: In MCS systems, users may incur energy and
computationally related resource consumption, monetary cost
or are required to spend their time and put explicit effort in
order to complete successfully their mission. In order for MCS
systems to reach their full potentials, appropriate incentive
mechanisms need to be in place so as to promote users
cooperation and retain their engagement to accurate data
collection or generation and sharing. In many cases, a
monetary / virtual reward is provided to users for their
participation to data collection.

In ParkCar, the reward returned to participants for their
contribution to the system is in the form of virtual currency
that may be used in order to gain access to other services. The
total reward per request is predetermined; however, the reward
per worker is estimated by the system upon the expiration of
the task, taking into account a) the number of returned
answers, b) the distance indicated in the answer as an available
parking spot from the point of interest and c) the time the
answer is submitted to the system. The answers indicating a
close to the requested position available parking space,
provided in a timely manner for a task that has collected a low
number of answers will be higher rewarded. Specifically, the
reward per CW-P for each task is estimated as follows. Let
budgetsx denote the virtual amount the system will allocate to
CW-Ps for each task and N the total number of answers
returned to the system for a specific task. The maximum
reward per returned answer (budget.,) is calculated as
budget.ns=budget qsi/N. The reward returned for each answer is



estimated as rewardas= wi X rewardtas(t) + wa X rewardans(d)
+ws x rewarda.s(N), taking into account the time ¢ the answer
is submitted to the system, the distance d of the indicated
parking spot from the specified location of interest and the
number of collected answers N. w;, w; and w3 are weighting
factors and provide the relative significance of the three
parameters to the estimation of the reward per answer.
rewardas(f) (f is equal to t, d, N) is estimated as rewardus (f)
= (I- I(f)) x budget.,s where I(f) is a factor calculated as
L= (Ffonin)/ (fnaxfonin)

Time (7): indicates the time the answer of the CW-P is
submitted to the system, #,:» is the time of task creation and
tmax 1 the time upon which the task will be deleted.

Distance (d): indicates the distance of the answer from the
point of interest, dyi» is the point of interest and dy.. is the
maximum distance from the specified location for which
potential answers are taken into account.

Total amount of answers (V) per task. N is the total amount
of collected answers per task, Ny, is the minimum number of
answers and N, is the maximum number of answers that can
be taken.

V. CONCLUSION

This paper demonstrates a smart roadside parking system,
ParkCar, which exploits the MCS paradigm in order to collect
parking availability information and let its users find a parking
space. This application can be used by mobile devices running
the Android OS. The authors aimed in addressing several
MCS challenges. Next steps include experimentation in a real
environment with an adequate number of users in order to
identify and resolve possible design mishaps and address any
disadvantages. Furthermore, specific performance indicators
will be selected in order to objectively compare our
application with similar ones from the literature.
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