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Park-and-ride (PnR) facilities provided by Australian transport authorities have been an effective way to encourage car drivers to
use public transport such as trains and buses. However, as populations grow and vehicle running costs increase, the demand for
more parking spaces has escalated. Often, PnR facilities are filled to capacity by early morning and commuters resort to parking
illegally in streets surrounding stations. This paper reports on the development of a location-based parking finding service for PnR
users. Based on their current location, the system can inform users which is the best station to park their cars during peak period.
Two criteria—parking availability and the shortest travel time—were used to evaluate the best station. Fuzzy logic forecast models
were used to estimate the uncertainty of parking availability during the peak parking demand period. A prototype using these
methods has been developed based on a case study of the Oats Street and Carlisle PnR facilities in Perth, Western Australia. The

system has proved to be efficacious and has the potential to be applied to other parking systems.

1. Introduction

Parking problems are ubiquitous in almost every major city in
the worldwide. Parking supply is always behind ever increas-
ing demand. Many solutions to this problem have been
proposed in the literature. Off-street parking supply such as
multistorey parking has been broadly accepted as a solution
for on-street parking problems, especially in central business
areas [1]. Shoup [2] suggested that free parking is the major
cause of this problem and pricing parking appropriately can
achieve balance between supply and demand. On the other
hand, parking-assist systems, such as the parking guidance
and information (PGI) system [3-5], have been developed to
help drivers find parking easily. These systems use monitoring
systems, parking charging data, laser scan detectors, and
loop detectors to monitor available parking spaces in real
time and then send parking availability messages to drivers
via variable message signs (VMSs) [6-9]. This type of real-
time information is seemingly a great convenience to drivers,
but its accuracy and reliability have been questioned in the
literature [10, 11]. For example, if the parking availability
information is not updated constantly and immediately,

drivers may be frustrated to find they cannot park where
indicated. In addition, due to the uncertainty of parking
availability during certain time periods, especially during
peak hours, a parking finding system should provide some
measure of the confidence in the accuracy of the parking
information. Various studies have been conducted to forecast
parking availability in parking lots. Yang and Chen [12] have
used neural networks to forecast the “empty/full” state of a
parking lot instead of the number of parking spaces available.
Based on this work, the Elman neural network and weighted
Markov chain models were proposed to predict available
parking spaces [13, 14]. However, very little research has been
done to measure uncertainty of parking availability during
peak parking demand periods.

The aim of the paper is to apply a fuzzy logic model to
capture the uncertainty of parking availability and reflect it
in a parking finding system. With this, users can be informed
about this uncertainty and can make a better choice of their
departure station. In addition, this paper reports on the
development of a location-based parking finding system that
implements this modelling method. This parking finding and
trip planning system have been developed using the Android
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TaBLE 1: The Oats Street station and Carlisle Station car-park.
Parking lot Distance  Travel time Parklr'lg
capacity
Oats Street station carpark  1.2km 3 min 73
Carlisle station carpark L6 km 4 min 32

SDK 4.0 and Google API116 and can be deployed on different
mobile devices such as mobile phones and tablets.

2. Method

2.1. Framework of Parking Finder Service. This paper pro-
poses a location-based service for a parking finding (PFLBS)
framework designed to help park-and-ride (PnR) users iden-
tify the best train station parking lot to park their car based
on their current location, planned departure time, parking
availability, and shortest travel time. PnR users are car drivers
who park their car at train station parking lots and then take
a train to reach their destination. PnR services are widely
believed to be an efficient alternative to private car use [15-
17]. The PFLBS was primarily developed to help PnR users
find parking easily during peak times. The basic functions of
the system are as follows:

(i) estimating the travel time from the user’s current
location to PnR facilities in the local area;

(ii) predicting the parking availability of these parking
lots at the user’s estimated arrival time using fuzzy
logic forecast models;

(iii) selecting the best PnR facility based on parking
availability and shortest travel time;

(iv) calculating an optimal travel route (shortest travel
time) to guide users to reach this parking lot.

The workflow of the PFLBS system was illustrated in
Figure 1.

The best PnR facility can be determined using two
major criteria: travel time and parking availability. Usually,
people would prefer the shortest travel time and the highest
probability of finding a parking spot. The PnR selection
model can be defined as

T,
R=min{——" b F(t,+T) #0, i=1,2....n,
mm{F,-<to+T,->} (o T) #0, 4 "
@

where t, is the planned departure time, T; is the travel

time from origin to each PnR facility, and F;(t, + T;) is the
probability to get a parking space at the expected arrival time.

2.2. Fuzzy Logic Forecast Model. Fuzzy Logic (FL) is a “mul-
tivalued logic that allows intermediate values to be defined
between conventional evaluations like yes/no, true/false,
black/white, and so forth” [18]. It provides reasoning for
vague terms using graded or qualified statements rather
than those that are strictly true or false and applies fuzzy
membership functions to define vagueness or uncertainty
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FIGURE 1: Parking finder decision framework.
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FIGURE 2: The input fuzzy membership function of parking avail-
ability in one day.

of the data [19]. For example, parking availability in a PnR
facility could be uncertain. Parking could be available at
7:30 am on Friday but may be unavailable at the same time
on Monday due to different demands or social events, and so
forth. Figure 2 illustrates the fuzzy principle of the parking
availability function.

The fuzzy set can be defined mathematically as follows: let
T be a space of time, with a generic element of T' denoted by
t; thus a fuzzy set A in T is defined as a set of ordered pairs
[20]:

A={tLu, ) teT, 2)



Mathematical Problems in Engineering 3
TABLE 2: The last three parking spaces remaining time and the full parked time in Oats Street station carpark and Carlisle station carpark.
Parking lot Oats Street station carpark Carlisle station carpark

3 spaces remain (t,,) None (t,) 3 spaces remain (¢;) None (¢,)
Monday 7:22 7:27 8:23 8:30
Tuesday 7:07 7:11 8:28 8:34
Wednesday 7:25 7:30 8:33 8:45
Thursday 7:22 7:28 8:22 8:36
Friday 7:26 7:31 8:31 8:38

where A is the fuzzy set, which is characterised by a member-
ship function p, (). It associates with time between ¢, and t,.
The value of p,(t) represents the grade of membership of ¢
in A, which is probability of finding a parking spot in a PnR
facility between ¢, and t,.

The fuzzy membership function adopted in this paper is
the trapezoidal curve, which can be specified as follows:

I, x <t
,—x
flotnt) =1, L g hisxsh 3)
2 h
0, t, < x.

The developed model for forecasting the probability of
finding a parking space at an expected arrival time was
implemented using MATLAB version 711 [21]. The Fuzzy
Logic Toolbox was used to model complex system behaviours
using simple logic rules and then implement these rules
in a fuzzy inference system. The trapezoidal membership
function is a relative simple method. However, our survey
data distribution is almost linear (see Figure 4). Therefore,
this function can have the best fit to the data.

2.3. Data Collection. The Carlisle and Oats Street station PnR
facilities in Perth, Western Australia (WA), were chosen as
our two case study areas (see Figure 3). These are busy stations
on the high-traffic southern line and at which parking is
always in high demand. Field surveys were conducted to
collect traffic flow data during weekdays from 3 to 17 August,
2012. Researchers stood in the entrance of the car park lot
from 6:00 to 8:30 am and recorded the time at which each car
entered or exited the car park. Five-day traffic flow data were
collected from these two stations.

3. Case Study

3.1. Observed Data. The Oats Street Station is 0.81km away
from the Carlisle Station. The shortest distances from Loca-
tion A to these two stations and parking capacities are
described in Table 1.

Figure 4 shows how parking availability at the Oats Street
station car park changes over time at peak times for five
days. Generally, the parking bays in this carpark were fully
occupied by 7:30 am for all five weekdays, although they
tended to be filled more quickly on Tuesdays. These data
demonstrate the uncertainty of parking availability. Based on
the data, this uncertainty started at 7:11 am until 7:31 am when

FIGURE 3: The study area (A is the origin, such as home).
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FIGURE 4: Traffic flow of Oats Street station parking lot.

no more parking was available. Because we only have five-day
data, it is safer to set up a three-parking-bay buffer to ensure
100% parking availability. Therefore, the inflection points for
fuzzy membership function were chosen for “t,” as the time at
which there were still three parking bays available (before ¢,
there is 100% parking available) and for “t,” as the time when
it is fully occupied (see Table 2). Therefore, 100% parking
availability will end at ¢, and 100% parking unavailability
will start at ¢,. We used the fuzzy membership function to
estimate the uncertainty associated with parking availability.
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TABLE 3: The rules of parking forecast model.
No. Descriptions of rules Parking probability Number of rules
1 5 days are available 100% Cl=1
2 4 days are available 75%-100% Ci=5
3 3 days are available 50%-75% C2=10
4 2 days are available 25%-50% Cl=10
5 1 day is available 0%-25% Ci=5
6 5 days are unavailable 0% Ci=1
Total 32
TABLE 4: The forecast parking probability in Oats Street station carpark and Carlisle station carpark.
Time <7:07 7:08 7:09 710 7:11-7:22 7:23 724 7:25 7226 7127 728 729 7:30 7:31-8:22 823  8:24
Oats 100 89 88.1 878 87.5 72.6 66 612 481 325 228 205 10.6 0
Carlisle 100 919 779
Time 825  8:26 827 828 8:29 830 831 832 833 834 835 836 837 8:38 >8:45
Oats 0
Carlisle 78 779 776  76.6 68.9 63.9 605 519 435 316 268 209 178 12 - 0

Unit: Percent (%).

3.2. Parking Availability Calculation. The fuzzy membership
function was illustrated in Figure 5. The fuzzy rules were
defined in Table 3.

Table 4 shows an estimate of the degree of parking avail-
ability during the period of peak parking demand in these two
station carparks.

3.3. Results. As shown in Figure 3, we set up a hypothetical
case. A is the home location of a PnR rider, and the planned
departure time is t, = 7 : 19 am. Then the expected arrival
time from Location A to Oats Street station based on the
shortest travel time is 7:22am, and for Carlisle station, it
is 7:23am (see Table 1). According to Table 4, the degrees
of parking availability at 7:22 am for Oats Street station and
7:23 am for Carlisle station are 87.5% and 100%, respectively.
By substituting these numbers into equation (1), the Oats
Street station (R = 3/87.5% = 3.43) sounds a better choice
than Carlisle station (R = 4/100% = 4). Furthermore, if a
PnR user’s planned departure time ist, =7:20 am, the Carlisle
station (R = 4/100% = 4) would be a better choice than
Oats Street station (R = 3/72.6% = 4.13). The departure
time of 7:23am is the dividing decision point. Before this
point, Oats Street station is better, while after this point, it
would be Carlisle station. However, after 8:45 am, parking is
unavailable at both stations.

4. Prototype of the PFLBS

Using location-based service technology, a prototype PFLBS
system was designed and developed to implement the fuzzy
logic forecast model described previously. After PnR users
entered their departure time and travel mode, as shown in
Figure 6, the system can automatically identify user’s current
location, suggest the best station, and calculate and display

an optimal travel route from the user’s current location to the
suggested station using geographic information system (GIS)
technologies. The system was developed using the Android
SDK 4.0 and Google API 16.

5. Conclusion

This paper developed a fuzzy logic forecast model to measure
uncertainty of parking availability at train stations for PnR
users. The results were integrated into an PFLBS system,
which can help PnR users choose the best departure train
station to reach their destinations. A case study at Oats Street
and Carlisle train stations in Perth, Western Australia, was
designed to evaluate this method. A prototype PFLBS system
was designed and developed to implement the fuzzy logic
forecast model using the Android SDK 4.0 and Google API
16. The models and PFLBS system have proved to be robust
in predicting the uncertainty of parking availability at the two
stations.

However, there are still some limitations. For example,
the fuzzy membership function we chose is only a simple
linear function. More advanced membership functions will
be applied to our research problem to further explore the
advantages and disadvantages of these functions. In addition,
the station choice criteria for parking are relatively simple:
only two criteria, park availability and the shortest travel
time, were used. In the future, more criteria, such as train
frequency, service quality, and parking-and-riding price will
be considered. In addition, different criteria could contribute
more or less to PnR users’ decision making. Therefore, we will
develop a weighting set for these criteria.

Conflict of Interests

There is no conflict of interests in this paper.



Mathematical Problems in Engineering

Avai'lable

1 l Unavellilable
0.5+ ]
0 1 1 1 r— N T H
0 5 10 15 20 25 30 35
Input variable “Day 17
1 Available I Unavailable
05} X ]
0 ; ; ; . vl :
0 5 10 15 20 25 30 35
Input variable “Day 3”
1 Available Unavailable
0.5t ]
0 T T T T =] n
0 5 10 15 20 25 30 35

Input variable “Day 5”

5

1 Availablle U'navailablle
0.5 ]

0 —8 T T T T

0 5 10 15 20 25 30 35
Input variable “Day 2”

1 Available Unavailable

0.5 R

0 5 10 15 20 25 30 35
Input variable “Day 4”

None P, P, Py P, 1?5
0.5

0

0 10 20 30 40 50 60 70 80 90 100
Output variable “Probability”

FIGURE 5: The fuzzy membership functions of input and output for Oats Street station carpark.

&
Q Parking Easy
. (2]

(o)

Carlisle

Travel Plan

9
p- 8 %29

5 Solar Way, Carlisle, WA /?c
s %
AN
S

Frementle Visitor Centre, WA

720

Swan Tafe
! Cajsiie Campus

Cancel Best Transit: Carlisle Station
Driving Time: 4min

Parking probability: 100%

FIGURE 6: Prototype of parking forecast LBS.

Acknowledgments

The authors would like to thank Dr. Craig Caulfield and the
anonymous reviewers for their useful comments and lan-
guage editing which have greatly improved the paper. This

effort is sponsored by the National Natural Science Foun-
dation of China (NSFC) no. 40901241 and Natural Science
Foundation of Zhejiang province no. Y5090377. The authors
gratefully acknowledge the support of K. C. Wong Education,
Hong Kong.

References

[1] P. A.Barter, “Off-street parking policy surprises in Asian cities,”
Cities,, vol. 29, no. 1, pp. 23-31, 2012.

[2] D.C. Shoup, “The high cost of free parking,” Journal of Planning
Education and Research, vol. 17, no. 1, pp. 3-20, 1997.

[3] Y.Ji, W. Deng, and W. Wang, “A planning model for determining
optimal locations of parking guidance sign boards based on
utility maximization,” in Proceedings of the 11th International
Conference of Chinese Transportation Professionals: Towards
Sustainable Transportation Systems (ICCTP ’11), American Soci-
ety of Civil Engineers, Nanjing, China, August 2011.

[4] P. van der Waerden, H. Timmermans, and P. Barzeele, “Car
drivers’ preferences regarding location and contents of park-
ing guidance systems stated choice approach,” Transportation
Research Record, vol. 2245, pp. 63-69, 2011.

[5] C.J. Rodier, S. A. Shaheen, and A. M. Eaken, “Transit-based
smart parking in the San Francisco Bay Area, California: assess-
ment of user demand and behavioral effects,” Transportation
Research Record, no. 1927, pp. 167-173, 2005.



[6] S. V. Srikanth, P. ]. Pramod, K. P. Dileep, S. Tapas, M. U. Patil,
and S. C. Babu N, “Design and implementation of a prototype
smart parking (SPARK) system using wireless sensor networks,”
in Proceedings of the International Conference on Advanced
Information Networking and Applications Workshops (WAINA
’09), pp. 401-406, May 2009.

[7] U. Médnni, “Smart sensing and time of arrival based location
detection in parking management services,” in Proceedings of
the 12th Biennial Baltic Electronics Conference (BEC’10), pp. 213—
214, Piscataway, NJ, USA, October 2010.

[8] K. Orski, “Best space scenario,” Traffic Technology International,
pp. 54-56, 2003.

[9] P. Bannert, “Raiders of the lost park... Mobility management:
more than just parking,” Traffic Technology International, pp. 51-
53, 2003.

[10] Z.Y. Mei, Y. Tian, and D. P. Li, “Analysis of parking reliability
guidance of urban parking variable message sign system,
Mathematical Problems in Engineering, vol. 2012, Article ID
128379, 10 pages, 2012.

[11] E Caicedo, “The use of space availability information in “PARC”

systems to reduce search times in parking facilities,” Transporta-
tion Research Part C, vol. 17, no. 1, pp. 56-68, 2009.

[12] Z.-s. Yang and X.-d. Chen, “Research on the estimation for
effective parking space of the intelligentized parking guidance
system,” Journal of Transportation Systems Engineering and
Information Technology, vol. 3, no. 4, pp. 12-15, 2003.

[13] Q. Chen, K. Yan, R. Wang, and Y. Mo, “Parking space informa-
tion prediction based on phrase construction and Elman neural
network,” Journal of Tongji University, vol. 35, no. 5, pp. 607-611,
2007.

[14] Y. Ji, W. Wang, and W. Deng, “Available parking space occu-
pancy change characteristics and short-term forecasting
model,” Journal of Southeast University, vol. 23, no. 4, pp.
604-608, 2007.

[15] M. R. Cairns, “The development of Park and Ride in Scotland,”
Journal of Transport Geography, vol. 6, no. 4, pp. 295-307, 1998.

[16] N.Hounsell, B. Shrestha, and J. Piao, “Enhancing Park and Ride
with access control: a case study of Southampton,” Transport
Policy, vol. 18, no. 1, pp. 194-203, 2011.

[17] S. Meek, S. Ison, and M. Enoch, “UK local authority attitudes
to Park and Ride,” Journal of Transport Geography, vol. 18, no. 3,
pp. 372-381, 2010.

[18] M. Hellmann, “Fuzzy Logic Introduction,” 2001, http://epsilon
.nought.de/tutorials/fuzzy/fuzzy.pdf.

[19] M. N. Etienne and E. Kerre, Fuzzy Techniques in Image Process-
ing, Physica, New York, NY, USA, 1 edition, 2000.

[20] G. Vandenbulcke, T. Steenberghen, and I. Thomas, “Mapping
accessibility in Belgium: a tool for land-use and transport
planning?” Journal of Transport Geography, vol. 17, no. 1, pp. 39—
53,20009.

[21] The MathWorks Inc, “MATLAB version 7.1.1,” Natick, Mass,
USA, 20009.

Mathematical Problems in Engineering



Advances in

Operations
Research

[3

Advances in
Decision T,
Sciences = N ’ -

. Sl

oy
. 1
~

L
~

-

—

Mathematical Problems
in Engineering

Algebra

Journal of

Probability
and
Statistics

The Scientific
\{\(orld Journal

Journal of

Complex Analysis

International
Journal of
Mathematics and
Mathematical
Sciences

Hindawi

Submit your manuscripts at
http://www.hindawi.com

Journal of national J al of

Mathematics Stochastic Analysis

Journal of
'

Discrete Math
—

Journal of Function Spaces

Abstract and
Applied Analysis

Journal of
Applied Mathematics

0&1I : “Fﬁ

K

U EON

e §
e

International Journal of
Differential Equations

Advances in

Mathematical Physics

Discrete Dynamics in
Nature and Society

Journal of

Optimization




