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Abstract—Mobile crowdsourcing concept has attracted at-
tentions of researchers, developers and businesses in the last
decade. This exact concept has also been used in the area of
Intelligent Transportation System (ITS) mainly for collecting and
distributing information about the current traffic condition. In
this paper, we extend the mobile crowdsourcing concept to be
used for an intelligent car park system. Among several existing
applications, the system proposed in this paper has been designed
so that it is suitable for the car parking behavior exhibited
in asian countries. To be specific, the Pick N Park system
was proposed and implemented to gather and deliver real-time
information about a number of car parks in crowded urban
areas. The proposed system not only assists drivers in planning
their journeys; but it also helps alleviate the traffic congestion
problem especially in front of the shopping malls (where a line
of cars waiting to enter the car park blocks other traffic). In
addition to the system, we also propose a car park model that
can be used to estimate the congestion level and the search time
of each car park. This can be useful especially during the initial
phase that the technology is introduced. The model has been
evaluated by monte-carlo simulations and the results show that
the proposed model can provide excellent search time estimates.

I. INTRODUCTION

Crowdsourcing concept has gained a lot of attention over
the recent years. With the ubiquity of smartphones, the shift
from www-based crowdsourcing platforms (such as Amazon’s
Mechanical Turk [1], Scribe [2], etc.) to mobile platforms has
been an obvious transition. In this emerging platform, mobile
phones are used as the main tool both for gathering data and
delivering relevant information/results. Examples of mobile
crowdsourcing platforms include txteagle [3] and AskUs [4]
which are mobile platforms that allow users to request for ser-
vices and sell their services through mobile devices; placeMe-
ter pays users to video record their surroundings [5]. Data
from videos are then processed and used for businesses such
as marketing. Waze is an Intelligent Transportation System
(ITS)-related crowdsourcing application in which users can
report real-time data about traffic condition and incidents [6].
In Waze, users are able to search and view the incidents
reported by other users. Nevertheless, most of these mobile
crowdsourcing platforms such as Waze require manual input
from the users which can sometimes be quite cumbersome.
As a result, in this paper, we propose a mobile crowdsourcing
platform that is able to gather data both explicitly (i.e., from
the user input) and implicitly (i.e., transparent to the user).

While the mobile crowdsourcing has been shown to be
able to provide benefits in a number of domain, the concept
(with an exception of Waze) has not yet been well explored
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in the urban transportation problem. In this paper, we thus
propose an intelligent car park system, namely Pick N Park
application, that uses the mobile crowdsourcing concept to
gather and deliver real-time information of a number of car
parks in crowded urban areas.

Key contributions of this paper are summarized below:

« A mobile crowdsourcing platform is proposed and imple-
mented. The proposed platform enables the data collec-
tion process to be implicit and transparent to the users
while still allows user-generated content.

o We illustrate how one can use the proposed crowd-
sourcing platform to provide real-time information for
location-specific applications. A mobile crowdsourcing
application, namely Pick N Park, was proposed and
implemented to provide an intelligent car parking service.

« Since the crowdsourcing platform requires a certain num-
ber of users before its benefits can be realized, we propose
a mechanism to be used during the transition period
that can provide a near-real-time information for the
application. The performance of the proposed mechanism
has been evaluated by monte carlo simulations.

The remainder of this paper is organized as follows. In
Section II, existing studies that relate to our work are pre-
sented. Section III describes the system architecture of the
proposed mobile crowdsourcing platform. The search time
(i.e., circling time) estimation model, simulation setting and
results are presented in Sections IV and V, respectively.
Finally, conclusions are drawn in Section VL.

II. RELATED WORK

In this section, studies and applications that are related
to the intelligent car park systems are presented. The most
widely used system for the car park systems today is the
variable sign message which shows the current availability
of a car park as shown in Figure 1. While the information
displayed on these signs are very accurate, the information
only assists the drivers in finding a parking spot at a particular
parking structure and the drivers can obtain this information
only when they are physically at the parking structure. Due
to these disadvantages, several mobile applications have been
developed in order to deliver the real-time parking information
to drivers on their smartphone devices so that they can plan
their journeys ahead of time. Examples of these applications
are ParkMe [7], Parker™ [8] and VoicePark [9].
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Fig. 1. Parking sign that shows the current availability of a parking
structure [10].

Among all mobile parking applications, ParkMe [7] has the
largest coverage and it can provide parking information of
more than 500 cities in 19 countries (mostly in Europe and
USA). ParkMe supports both on- and off-street parking. The
application navigates the drivers to the closest and/or cheapest
parking nearby and also allows the drivers to reserve a parking
spot in advance. However, this application might not be
applicable to countries in Asia, especially in Thailand whereby
the parking reservation may not be available. Parker™ [8] is
another parking application that provides real-time information
about vacant spots on the street and selected local garages
based on information obtained from the low-cost sensors [11]
installed on the streets and in parking structure. Similarly,
VoicePark application uses a real-time information gathered
from the parking meters in San Francisco in guiding drivers to
the closest vacant on-street parking spot [9]. This sustainable
parking solution has been shown to be able to significantly
decrease the circling time by more than 80% and reduce the
carbon footprint by 25,000 pounds each year.

Despite several parking applications available in the market,
these applications might not be well applicable to the parking
problem in Asia due to the difference in road networks and
parking behavior. For instance, almost all of the parking struc-
tures are owned and maintained by a company (or a shopping
mall) to provide parking for people who visit the company (or
the shopping mall). As a result, there is a tendency for these
companies not to share the status of their parking structure.
As a result, we propose a parking application based on the
mobile crowdsourcing concept in which the information is
gathered from drivers to infer the current status of a parking
structure. While automatic data collection is implemented in
this application in order to avoid having the drivers manually
input the data, other types of information, if available, can also
be integrated with the proposed system.

Furthermore, the parking problem in Asian countries includ-
ing Thailand is quite different from those observed in western
societies. The parking problem usually causes a queue of cars
lining in front of a shopping mall. This often blocks the traffic
flow on the street outside the shopping mall and thus worsens

the traffic congestion condition in the nearby area. As a result,
the proposed system aims to convey the real-time information
about the parking status to the drivers before their journey,
estimate the circling time a driver will take before he/she finds
a vacant spot, and navigate the driver to the selected spots. This
system could help the drivers make a better decision to select
the least crowded car park in the area and thus might alleviate
the traffic congestion in the crowded urban areas.

IITI. Pick N PARK

Pick N Park system is a mobile crowdsourcing platform
which implicitly gather information from the drivers, pro-
cesses information from the crowd, and then displays location-
specific information to the drivers. Architecture of the Pick N
Park system is shown in Figure 2. As depicted in the figure, the
Pick N Park system mainly consists of three components: Pick
N Park Android-based mobile application, Pick N Park cloud
computing platform (using Amazon Web Service), and cloud
storage. The mobile application is implemented on Android
mobile platform and makes use of the Global Positioning
System (GPS) and the Google Map API.

GPS Satellite
/ ' Google Map API
[ 4 Jk
User’s current location
Google Map
SQL queries,
a Log in Location update info. \
. @
(@ Display Map, Conienis = Contents ' .

Direction,

User Parking info. Pick N Park Cloud Storage

Mobile Device Platform and Cloud Computing

Fig. 2. System architecture of the Pick N Park system.

A. Overview

When a user accesses the Pick N Park application on an
Android device, the application will fetch the users current
location from GPS satellite. The retrieved user’s current loca-
tion is sent to the Pick N Park cloud computing platform which
will retrieve information about nearby parking and display the
results to the users as shown in Figure 3(a). Different color of
each parking area indicates the congestion level; for example,
the parking area with red pin indicates that the estimated
circling time (i.e., the time taken before finding a vacant
spot) is more than 15 minutes. Details about the circling time
estimation will be provided in the subsequent section.

After the driver selects the parking area, the information
about the selected area is displayed along with the estimated
circling time as shown in Figure 3(b) and the application nav-
igates the driver to the selected parking area (see Figure 3(c)).
Parking areas in the Pathumwan district, Bangkok are used
to illustrate the functionalities of the system as shown in
Figure 3(a).
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B. Data collection

In the proposed mobile crowdsourcing platform, the infor-
mation of interest is the circling time a driver spends in a
particular parking structure. In other words, we neglect the
time a driver takes to reach a selected parking area but only
consider the time a driver spends inside the parking area. In
order to have a data collection mechanism that is transparent to
the users, we employ the geofencing mechanism and activity
recognition API provided by Google. Geofencing technique
allows us to draw a polygon around each parking area [12]
and is able to automatically detect when the user drives into
the parking area as identified by a polygon.

Once detected, the circling timer starts to keep track of how
much time a user takes to find a vacant spot (see Figure 3(d)).
Google’s activity recognition is used to identify the user’s
current activity (e.g., walking, stay still, biking, driving) [13].
When the Pick N Park mobile application detects that the user
is walking, it stops the timer, records and sends the recorded
circling time to the Pick N Park cloud computing platform for
further processing.

C. Data processing

Once the actual circling time is received by the Pick N
Park cloud computing module, the system records the received
value and re-computes the estimated circling time. Note that
the circling time estimation is computed for each 15-minute
interval. Both the average circling time and its variation are
reported to the user (see Figure 3(b)). In addition to these two
pieces of information, the system also provides the number
of users that are heading toward the same destination. It is
worth pointing out that in the proposed system, the circling
time is the main metric that determines the congestion level
of a parking spot. This is because the circling time is a
representative indicator regardless of the size of a parking
area, its layout, the current utilization, etc. In the perspective
of drivers (i.e., users), the circling time is a critical measure
that is used to select a parking destination.
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Snapshots of the Pick N Park mobile application on Android smartphones.

Furthermore, since the accuracy of the circling time estimate
depends significantly on the number of users, an alternative
to estimate the circling time is employed. Description and
evaluation of this method are given in the next sections.

IV. CIRCLING TIME ESTIMATION MODEL

As mentioned previously, the accuracy of the circling time
estimation depends mainly on the number of users. External
network effect of the proposed Pick N Park system has thus
been a challenge for the adoption of the proposed technology.
As a result, we propose another technique that could provide
an estimate for the circling time in the initial stage of deploy-
ment.

In this section, we propose a variant of the model proposed
by Balijepalli, et al [14]. In this model, the authors formulate
a model for a origin-destination demand and various com-
modities. Multiple user classes and parking facilities were
considered. Adapted from this model, our proposed work
models only the circling time, S; (i.e., the time taken to search
for a vacant spot in a car park) given the current utilization
(in percentage) of the car park, Uy:

Sy =s+ B[] (D

where s; is the minimum circling time of a car park and 3 and
~ are the model parameters which are specific to the car park.
It is important to note that according to Eqn 1, the circling
time does not increase linearly with utilization level of the car
park. In other words, the relationship between the circling time
and utilization depends on the values of 8 and . As will be
shown later in this paper, the values of 5 and  depend on the
capacity per level and the number of parking levels available
at a car park, respectively.

V. SIMULATION SETTING AND RESULTS

In order to validate the model proposed in the previous
section, a car park simulator was implemented and monte-
carlo simulations were performed to determine the accuracy
of the circling time estimated by the model (see Equation 1).
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A. Setting

In the simulator, four parameters are required as listed
below:

o Capacity of the car park, C

o The number of levels in the car park, L

o Number of rows per floor, R

o Number of entrance to the building from the car park,

E’I’Lti

The algorithm for a driver to select a parking spot is imple-
mented based on the actual behavior of a driver. As shown in
Algorithm 1, each driver always starts from the first floor and
may decide to go up to another floor if the current utilization
of the current floor is less than the total utilization of the car
park. Note that this information is already available in most
car parks as shown in Figure 1. As the driver has decided on
which floor to park, the circling time is computed based on
the location of the parking spot. In other words, the circling
time is larger if the driver parks in a spot that is further away
from the parking entrances.

Furthermore, for each spot in the same floor, the probability
that a driver decides to park (when the spot is available) also
differs. This is because we have observed that the driver tends
to park at a vacant spot that is closer to the building entrances.
As a result, the parking probability P! decreases linearly as
the distance between the parking location and the location of
the closest building entrances increases (but the probability is
consistent across different floors; see Figure 4)!. In addition,
in the situation where the car park is almost full (i.e., the
utilization is more than 95%), the driver does not have much
preference in terms of parking location and parks at the first
vacant spot he/she finds.

In the simulations, we assume a big car park with capacity
of more than 100 vehicles and an average vehicle speed of 15
km/h inside a car park. The building entrance is located at one
of the corner of the car park. In the case of multiple entrances,
all entrances are on the same side and distance between two
entrances is uniform as shown in Figure 4.

B. Simulation Results

In this subsection, we perform a number of simulations
with various settings in order to verify the accuracy of the
model presented in Section IV. Linear regression with the least
squares approach is used to estimate the fitting parameters, /3
and v (see Equation 2) and a total of 10 simulation runs were
performed for each data point.

> [log Uy — log Uy [log(St — s¢) — log(Sy — st)}

logs = 5
Z [log Ut — IOg Ut
G o= owp
% = IOg(St — St) — B . IOg Ut (2)
Figure 5 depicts the simulation results (solid lines) and

the estimated circling time (dotted lines) of a car park with

ISince each vehicle starts from the first floor, the preference to park in
lower floors is already taken into account.

Algorithm 1 Mechanism used to simulate driving and parking
behavior.

C' <= capacity of a car park

v <= average driving speed in a car park

L < number of levels in the car park

U" < current utilization of the car park

U} <« current utilization of the i*" of the car park

V' <« set of all vehicles that enter the car park

d, <« distance travelled before finding a parking spot of vehicle v

P} «< parking probability of the i*" spot on I** floor

t, <= circling time of vehicle v

for all v € V do
for all [ < L do

dy < d, + 30 #distance in meters between each floor

#starts from the first floor
if U} < U; then
park in the current floor
else
park in the current floor with probability (1 — UY)
end if

#vehicle v decides to park in the current floor
dy < dy + 20 #distance in meters from the ramp to the first
parking spot

for all spots k in the current floor do
if k£ is not occupied then
if U > 0.95 then
Park at this spot

else
Park with probability P}
end if
else
dy < d, + 2.4 #distance in meters between spots
end if
end for
end for
end for
ty < dy/v
Floor Plan
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Fig. 4. Layout of a car park that is generated from the simulator and the

parking probability Pl.l. In this layout, a car park has a capacity of 120 cars,
with 1 level, 3 parking rows, and two building entrances.

capacity of 120 cars and a single parking level. Observe
that the model can approximate the circling time quite well
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especially when the utilization is low. This is mainly because
of the simulation setting which forces the driver to park at the
first vacant spot if the utilization is larger than 95%. In general,
a car park that has many parking rows causes longer circling
time (i.e., time taken to search for a parking spot) while the
number of building entrances do not have significant effect on
the circling time.
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Fig. 5. Results in terms of circling time obtained from the simulations (solid
lines) and from the estimation model (dotted lines). A car park is assumed to
have a capacity of 120 cars and has a single parking level.

In addition, we also investigate the effect of parking levels
on the average circling time. As shown in Figure 6, when the
capacity per floor is fixed, the average circling time increases
significantly with the increase in the number of parking levels
even when the utilization level is quite low. This is mainly
because as the utilization level of the first floor is slightly
lower than the average utilization, the drivers tend to choose
to drive up and park on upper floors. The driving time between
the floors leads to the substantial increase in the circling time.

In addition, observe from the Figure that the actual circling
time and the estimates predicted by the model also differ. This
is not surprising because the model shown in Section IV only
considers the utilization but not the structure or layout of the
car park. It is important however to note that the estimation
was done based on the least squares approach. Because of the
logarithmic scales, the discrepancy between the actual and the
estimated values is quite large when the utilization is close to
100%.

In addition to the effect of the number of parking levels, we
investigate the effect of the car park layout. In other words, in
this simulation, the total capacity of a car park is fixed while
the layout (in terms of number of floors and number of parking
rows) varies. Figure 7 shows the average circling time when
a car park with a total capacity of 600 cars is assumed. Three
different structure layouts are used: i) with a single level, ii)
two parking levels, and iii) five parking levels. All layouts
assume 3 parking rows and 2 building entrances in each floor.

Unlike results shown in Figure 6, the average circling time
decreases with the increase in the number of car park levels.
This is because when the car park capacity is fixed, the higher
number of car park levels implies that there are fewer parking
spots per floor. As a result, with the same floor utilization, the

—L=1,C=120
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—L=3, C=360
——L=5, C=600
- - -Estimates

Average circling time (mins)

0 0.2 0.4 0.6 0.8 1
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Fig. 6. Results in terms of circling time obtained from the simulations (solid
lines) and from the estimation model (dotted lines). A car park is assumed to
have a fixed capacity of 120 cars per floor.
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Fig. 7. Results in terms of circling time obtained from the simulations (solid
lines) and from the estimation model (dotted lines). A car park is assumed to
have a total capacity of 600 cars with different layouts.

TABLE I
ESTIMATED PARAMETER VALUES FOR A SCENARIO WITH A FIXED TOTAL
CAPACITY OF 600 CARS WITH DIFFERENT LAYOUTS

Layout B ¥

1 level 7.2742  1.0413
2 levels 3.8346  0.8370
5levels 1.9868  0.6394

driver spends shorter time circling each floor before finding
a parking spot. The time taken to drive between floors is
negligible as compared to the circling time in each floor.
Observe from Table I that the value of 3 increases as the
capacity per parking level increases while the value of
decreases as the number of parking levels increases.

Nevertheless, for all simulation setting, it is clear that the
model proposed in Section IV is able to provide a good
estimate for the circling time. The estimation error is within
10% from the actual time. Since the current utilization of a
car park can be obtained from the historical data or estimated
in the case of special events, it is therefore suitable to be
used as the main method to estimate the circling time in the
Pick N Park system. Once the number of users reach a certain
threshold, the mobile crowdsourcing platform can then be used
in conjunction with the proposed estimation model.
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VI. CONCLUSION

In this paper, we propose a mobile crowdsourcing platform
for an intelligent car park system, namely Pick N Park system.
The proposed system consists of several components: mobile
application, Pick N Park cloud computing module and the car
park model. With the Pick N Park mobile application which
uses the location-based APIs, the data about parking search
time is implicitly collected and sent to the Pick N Park cloud
computing module (which is implemented on Amazon’s Web
Service). In addition, since crowdsourcing requires a certain
number of users before the application can be useful, we
propose a car park estimation model which can provide a good
approximation in terms of parking search time based on the
car park utilization. This approximation model can be used
during the initial phase and later can be integrated with the
crowdsourcing technique. Monte carlo simulations were used
to determine the accuracy of the model and the results show
that the estimation error is less than 10%.
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