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1. Introduction

Nowadays, urban mobility demands are not prima-
rily satisfied with the extension of the transport net-
work, but with the development of transportation
management. More and more attention is paid to
devices and procedures that aid travellers with in-
telligent solutions. A significant part of urban road
traffic is caused by vehicles cruising for car park
(Allen, 1993), (Shoup, 2006). These vehicles not
only make confused unnecessary movements, but
their uncertainty induces disturbances and enhan-
ces the risk of accidents as well. There are two
main types of measures to manage this problem:

1. pricing policy and/or
2. intelligent transportation systems.

Volume of cruising traffic can be moderated by in-
troduction of parking charge and increasing fees
(Simicevic¢ et al., 2013). This measure is not a pri-
mary solution, because only the symptoms and not
the source of the problem is treated (Verhoef et al.,
1995). Origin of the problem: the travellers do not
receive personalized information aiding their deci-
sions regarding (among other transportation rela-
ted issues) parking at the right time.

Microscopic methods that are more flexible and ef-
fective on a certain area have been superseded by
macroscopic policies that are simplified and aggre-
gated (Arnott et al., 2007).

Ideally, travellers are supported by route planners
that plan the ETC and assist its realization. Such
complex route planners are still not in widespread
public use. Their realization has been hindered
by several obstacles (often conflicts between the
transportation operators). For individual travellers,
one of the most critical phases of the ETC is ac-
cessibility to free parking spaces (Shoup, 2006).
Successful execution of this phase greatly facili-
tates the optimal (personalized) realization of the
ETC.

Urban road traffic volume can be significantly re-
duced by dynamic (using real-time data) parking
management (Ommeren et al., 2012), (Klappene-
cker et al., 2014), (Caicedo, 2010) (Giuffre et al.,
2012). This statement has also been proved by re-
sults from the San Francisco real-time parking ma-
nagement system (Rodier et al., 2010). Real-time
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parking space occupancy can be effectively coll-
ected by local sensors. Conception of intelligent
parking management using sensor network has
been already realized (Tang et al., 2006). Parking
management is part of the entire infrastructure
management. State of the art booking theory re-
garding the infrastructure elements has already
been devised (Soltész et al., 2011). The dynamic
capacity and usage level of the parking systems
greatly depend on their accessibility, which is
affected by both physical barriers and a lack of
information. The accessibility of information can
be significantly improved by personalized infor-
mation, parking facility booking and advanced
fee collection (payment) functions (Heckenast et
al., 2008).

Our recent research focused on parking plan-
ning and the related traveller habits. Modern
and widespread applied parking assistant ap-
plications (PAA) have been investigated and
compared. It has been kept in mind that parking
management should be integrated into the en-
tire transportation management (Sandor et al.,
2013).

It is an existing problem that travellers are pro-
vided with collective information instead of per-
sonalized information. The revealing of travel-
lers’ demands should be considered with higher
importance during the development of the PAS
(Thompson et al., 1997). For this purpose tra-
vellers’ parking habits and expectations have
been surveyed. Personalized PAAs may also re-
duce travel time and energy consumption (Jong-
Ho et al., 2014).

Based on these results structural and function-
al conception of the advanced PAS has been
framed. The information provision service has
been devised in details and a muster applica-
tion has been developed. It aids travellers be-
fore and during their movements. The applied
terminal is a mobile smart device (for example
smartphone).

2. Situation analysis

Situation analysis has been executed in the fol-

lowing regards:

1. 11 PAAs have been analysed and compared.

2. 160 people have been interviewed to get to
know their expectations and habits as well as
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the characteristics of their decisions.

These tasks have been performed in parallel.
Based on the results, the most important require-
ments towards PAAs have been identified. The
innovative properties have been derived from
these requirements. Presence of these proper-
ties in the existing applications has been revie-
wed and the obstacles of their spread have been
identified. Methods of demand-responsive pricing
have also been reviewed in order to identify the
temporal attributes and calculation procedures of
the fees. Demand-responsive pricing means ra-
tes may vary by occupancy of parking facilities.

2.1 Comparative evaluation of PAAs
Criteria for selection of applications:

1. market leaders in a particular area and/or
2. having some promising properties.

Table 1 shows the evaluated PAAs and their
URL. Among them, Park Plus and SF Park use
demand-responsive pricing.

Park Me hitp /flwww parkme com

Park Me Right htip://parkmeright.com

Best Parking hitp/iwww bestparking.com
Park Up hitpiwww park-up.com
Parkopedia hitp//iwww parkopedia co uk
Park Plus hitps.//www _calgaryparking.com
Neoparking hitp-//fen_neoparking.com
TRANS Park hitp:/iwww iru.org/transpark-app
Voice Park hitp/iwww voicepark.org
ICentral Parking hitps:/ffind parking.com

SF Park hitp-//sfpark org

Table 1. Compared PAAs and their URL

Table 2. shows the evaluation criteria of PAAs.
A 4-point rating scale (0 — 3) has been applied
to assess the presence of criteria in the applica-
tions. Figures indicate the following:

. 0: not specific,

. 1: hardly specific,
. 2: rather specific,
. 3: mostly specific.

Scores have been summarized by evaluation
aspects. Total scores regarding each aspect in-
dicate prevalence of the certain aspects. Figure
1. shows the proportion of total scores and maxi-
mum possible scores as a percentage. The most
significant deficiency is multimodality. PAAs
tend to not have assistance in planning the rest of
the ETC. Booking is only possible in a few cases,
which increases uncertainty. Navigation is also
not common, because most of the PAAs do not
have a route planning function. The main reason
for the deficiencies is that organizations mana-
ging the transportation modes have different in-
terests. Due to the development of infocommu-
nication technology (e.g. smart phones, internet)
the ,crowd sourcing® function becomes more and
more common.

Proportion of total scoreand r
0% 20% 40% 60% 80%

1m score in per

.Multimodality s
Il. Real-time/estimated data

lll. Personalization
IV. Free of charge

V. Availability for mobile device

VI. Visualization on map

Evaluation aspects

VII. Compact user interface
VIII. Crowd sourcing
IX. Outdoor navigation
X. Indoor navigation j—
XI. Booking e

Figure 1. Prevalence of evaluation aspects in PAAs (source:
own)

3.2 Revealing travellers’ habits and expectations

Owing to the online questionnaire, a high pro-
portion of the respondents had the necessa-
ry computer knowledge and/or were frequent
users of existing route planners, therefore they
may be potential users of PAAs as well. Conse-
quently, potential users’ habits and expectations
have been surveyed in our questionnaire. The
questions related to the parking habits and the
process of parking movements, which almost
all people have an opinion about, regardless of
whether they have a driving license and usually
drive or not. Both drivers’ and potential drivers’
opinions have been considered.

Evaluation aspects Description

A significant amount of the respondents

I. Multimodality

Planning with consideration to several transportation modes (e.g. private,

were students and employees of Bu-

Il. Real-time/estimated

For example: occupancy level of parking facility, indication of unoccupied

dapest University of Technology and

Hll. Personalization

Selecting car parks by various personalized criteria.

IV. Free of charge

The application can be downloaded and used free of charge; data supply is

Economics, Department of Transport

V. Availability for mobile

The mobile device limits are not exceeded by the application requirements. It

Technology and Economics. The que-

V1. Visualization on map

Input data and/or results are displayed on map.

stionnaire consisted of the following

VII. Compact user

Application menu is simple. All necessary information appear on one side

question groups:

VIII. Crowd sourcing

Travellers share their information (opinions) with community (active mode).

[X. Cutdoor navigation

Navigation on the planned route to the entrance ofthe car park.

a. age,

X_ Indoor navigation

Navigation inside car park (from entrance to free parking space and return).

b. employment,

XI. Booking

Booking a parking space is possible before arrival.

c. disability,

Table 2. Evaluation criteria of PAAs (source: own)

38

d. travel motivation,
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e. the importance of security, cost and time,

f. the expected properties of PAA,

g. the expected operational functions of PAA and
h. potential parameters of PAAs’ algorithm.

There were some multiple choice questions (a.-
e. groups consisting of 5 questions) with single
or multiple answers. Most of the questions (f.-g.
groups consisting of 38 questions) had a

5-point rating scale (1 — 5) to rate the im- o 94
portance each of the aspects. The most
important question group is h. group re-

garding the key issues: algorithm parame-
ters’ importance. Personalized information
packages are selected based on these re-

-0,4

Difference in scoring

sults. The remaining question groups have
been considered to the PAAs’ database
and user interface design.

User groups have been formed by b., c. and
d. question groups, whose answers have been
examined separately. If definite differences bet-
ween certain user groups’ expectations had been
noticed, group-specific settings would have been
developed in the application. However, the re-

important and ‘1’ means it doesn’t matter. Figure
2. shows differences between answers of travel-
ler groups with dissimilar travel motivation and the
mean value of answers. Considering the range
of scoring as 5-points; it is not worth separating
groups according to their motivation, because the
differences are unremarkable. This statement is
also true for all other user groups.

M job
spare time

M tourism

26.27.28.29.30.31.32.33.34.35.36.37.38.

Number of question

Figure 2. Differences between answers of traveller groups
with dissimilar travel motivations and mean value of answers
(source: own)

Table 3. shows the mean values of the answers
regarding the key issues.

sults showed just the opposite: the | Question number

26. | 27.| 28. | 29.| 30. | 31.| 32| 33. | 34. | 35. | 36. | 37. | 38.

survey did not reveal such significant | average value of answers

34(138(33|35|34/33|36|38|39|28|37|37]|33

differences. User groups’ expecta-
tions are similar to the common expectations
rather than to the individual expectations.

Answers from travellers with dissimilar travel mo-
tivations are illustrated using an example (regar-
ding the most important questions, namely the
h. question group). For example, there has been
little difference between the travellers’ answers
with dissimilar travel motivation and the average
of all the traveller’'s answers on the key issues.
The key issues are the following:

26. planned duration of parking,

27. fee rate,

28. street parking,

29. park and ride,

30. parking garage,

31. other types of parking,

32. transport hub

33. distance between parking facility and de-
stination,

34. travel/walking time between parking facility
and destination,

35. popularity of parking facility among other
travellers,

36. actual parking availability,

37. safety and

38. parking facility pre-booking.

These issues have been assessed by a 5 point
rating scale (1 — 5), where ‘5’ means it is very
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Table 3. The mean values of the answers regarding the key
issues (questions 26-38.) (source: own)

3.3 Innovative properties of the proposed PAA

The research has revealed important properties,
which are clearly necessary in an advanced PAA.
These properties are widely applied in the exami-
ned applications and/or being particularly impor-
tant for the travellers by the survey. These inno-
vative properties are the following

. personalized information,

. map display,

. parking fees information and

. simple user interface, which can be easily
used on mobile device.

A OWON -

Accordingly, quality perceived by travellers is
influenced by several interrelated aspects.

3. Results

Result of the research is the conceptual design of
PAS. It contains:

« structural and functional plan of proposed PAS,

* design of functions and user interface of the pro-
posed PAA.
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Planning of parking must not be separated from
planning of other phases of ETC. Therefore, ar-
chitecture of the PAS is opened for both public
transportation and private transportation.

3.1 Proposed PAS

The two main features of the PAS are the follow-
ing:

* assigns parking demands to the available par-
king capacity in real time,

* influences traveller’s decision with demand-re-
sponsive pricing.

The proposed PAS assigns travel/parking de-
mands to the available parking capacity in real
time. Figure 3. represents our PAS model, with
the key components and information manage-
ment operations. PAS has two ,outer componen-
ts, namely travellers and parking facility opera-
tors. Information is exchanged between the two.
The ,core” subsystem is Parking Management
Centre (PMC), where data flows from the menti-
oned components are coordinated and raw data
is processed. Supply and demand data of parking
facilities are met in PMC. Ideally, PMC is both
functionally and in some cases also physically
part of the transportation management centre. In
this way parking management is not an isolated
process, but can be coordinated by the informa-
tion management of ETC. PAS transmits data in
general via internet (Yanfeng et al., 2012).

PAA requires a feasible mobile device with inter-
net access (e.g. 3G mobile network or faster, Wi-
Fi) to provide real-time data for the traveller. The
planning is performed on the mobile device.
An internet connection is primarily required to up-
date real time occupancy data. Secondly, collec-
ting anonymous information about travellers and
updating static parking information also require
internet access. In online mode relevant data is
updated during the parking search process initia-
ted by traveller. Only data around the destination
should be updated. The destination surroundings
(and relevant parking facilities) are defined by
maximal walking distance assigned by traveller.
In this way volume of updated data can be si-
gnificantly decreased. PAA can be operated also
in offline mode, but in this case real time data is
unavailable of course. To let PAS provide reliable
information it is recommended to update static
data on the PAA regularly (e. g. every few days).
Data collection about travellers’ expectations and
habits in the PMC is useful for statistical purpo-
ses and improvement of the PAS.
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Parking facility operators collect event-driven
data by sensors installed at car parks and/or par-
king facility’s entrances and exits. For this purpose
a Wireless Sensor Network (WSN) is the most ap-
propriate solution. Sensors detect vehicles being in
car parks or vehicles passing through entrances and
exits. Currently, a wide range of WSN solutions are
available (Akyildiz et al., 2002). In the entire system
the radio access technologies and C-ITS solutions
might play substantial role; an LDM-based mobility
management architecture for C-ITS applications/
services has been elaborated and tested in (Varga
et al., 2015).

The following data sources are to be used to mea-
sure actual occupancy in the parking facilities:

« data from sensors of parking spaces,

» data from sensors of parking facility entrances/
exits,

» payment data from parking meters,

« data of camera system,

» manual collection of data.

In order to measure the actual occupancy of par-
king facilities, the mobile phone payment data can
also be used. In the case of indoor parking facilities
automatic registration of vehicles passing through
entrances and exits is also an effective solution, be-
cause it is not tied to the payment procedure, so it
can be used also in free of charge parking facilities
(Hossinger et al., 2014). This kind of “registration”
cannot be applied in the case of outdoor parking
spaces (on street).

Raw data of parking facility operators are stored in
their own database and are transmitted to the PMC
with about 5 to 15 minutes frequency in order to re-
alize the real-time information service. Static data is
transmitted only after occasional changes.

PAS sums collected occupancy data by parking faci-
lities and by time bands in order to determine rates.
The recommended time s are the following:

* weekend,

» weekdays,

» dawn (3:00 — 6:00),

* morning (6:00 — 9:00),

« forenoon (9:00 — 12:00,

* afternoon (12:00 — 15:00),

* late in the afternoon (15:00 — 18:00),
* evening (18:00 — 21:00),

* night (21:00 — 3:00) and

« the combination of these time bands.
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Figure 3. Structural model of PAS (source: own)

The information provision is free of charge for
travellers. Since personal data is also collected in
PAS, they are to be treated anonymously. Detai-
led, personalized information provision is bene-
ficial also for parking facility operators, because
their parking facilities are preferred as a conse-
quence. Both the real time information about ac-
tual occupancy of parking facilities and the pre-
booking result in additional benefits.

3.2 The method of determining demand-respon-
sive rates

The calculating of demand-responsive rates have
two inputs:

1. Categorization of parking facilities by travel-
lers’ willingness to accept.

2. Estimated occupancy values of parking facili-
ties for the next month.

1. Categorization of parking facilities by tra-
vellers’ willingness to accept: Figure 4. shows
the distribution of travellers’ WTA (willingness to
accept) and actual hourly rate. Traveller's WTA
means the maximum value of hourly rate (ad-
justed in the PAA), which is acceptable by the
user. The PAA filters parking facilities by this ma-
ximum hourly rate, so traveller can only select a
parking facility that has a lower actual hourly rate
then his or her maximum hourly rate. Parking fa-
cilities can be categorized (for each time band)
by the rate of these deviations:

1. payment category: average WTA is at least
30% higher than actual hourly rate.

2. payment category: average WTA is at most
30% higher than actual hourly rate.

The 30% value is our estimation.
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Deviation 1. payment
— category
: [ 2. payment
; category

(%)

Proportion of travellers in one
parking facility and time band

Average  Maximum hourly rates Ft

TA acceptable to travellers
Figure 4. Distribution of travellers’ WTA (willingness to accept)
by actual hourly rate in case of one parking facility and one
time interval (source: own)

Actual hourly rate

2. Estimating the occupancy of parking faci-
lities: Estimating of occupancy does not require
complex solution. The changes of occupancy is
well balanced in each time bands (for example,
occupancy is low at night and high in the mor-

ning).

The aim of the method is keeping the average
occupancy of the parking facility (for each time
band) in a specified interval (from 50% up to 80%
is recommended).

The average occupancy values of parking facili-
ties for each time band (f) is provided by the data
collection method. Figure 5. shows these values.

Month (h) Time band (lj)
f11 | f12 | ... | fyj
Parking f
facility (P) —
fin | fi2 | ... | f5

Figure 5. Average occupancy values of parking facilities for
each time band in one month (source:own)
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The estimated values of occupancy (f. ) are calculated
monthly in parking facilities (P,) for each time band (I)
Table 4. shows the used values of the method and equa-
tion 3.1 - 3.5. show the method of estimating occupan-
cy. The base data is the average values of occupancy
(fij) in the last three months. Equation 3.1 - 3.3. shows
the differences of these values. The method estimates
the difference between the actual month’s average va-
lues (f) and the next month’s estimated values (f o)
the estimated difference is the average of the last three
month’s differences. Equtation 3.4. shows this average.
Equation 3.5. shows that the estimated values of oc-
cupancy (fJ ) is the sum of the estimated differences

(Af, ) and the actual month average values (f. ).

ii(e,t) ij.t
Afije-2.t-3) = fije=2) — fije-3) (3.1)
Afije-1,0-2) = fije-1) = fije-2) (3:2)
Aﬁj(t,t—n = fijt - fij(t—l) (3.3)

Afijen = Avg(Afij(t—z,t—s)r Afije-1,6-2) Afij(t,t—l)) (3.4)
fije = fije + Mijeeny (3.5)

Parking facilitiy (Pi) and time band (1;)

Month (h) h-3) h-2) he-1) rr:ltonth) (actual | 1, (next month)

Average values of

occupancy fies) | figo) fiit1) fiit fije

Differences between

average values Afie243) | Afie1e2) | Afiee) Afije.t)

Table 4. The used values of the estimation method (source: own)

Calculating demand-responsive rates: the inputs of
the function are the estimated values of the occupan-
cy (fij,e)' In all parking facilities for each time band one
rate modification (Apij) is calculated. Figure 6. shows
the function of the rate (pij) and its first derivatives (rate
modification).

The rates are between a minimum (p_, ) and a maxi-
mum (p,_.) value. The rates may vary between these
two values depending on the estimated occupancy. If
occupancy falls within the target occupancy range ([f,
f]), then modification is not required. Otherwise, rates

are modified.

Equation 3.6. shows the function of the rate modifica-
tion.
(fije=fa) m  if fije < fa
Ap; {0 ) if fa<fije < ff (3.6)
(fije = f5)-m, if fr < fije
m € R* is slope of the rate modification.

The other input of the function is the payment catego-
ries for parking facilities. The slope of the function (m) is
determined by them. Parking facilities with 1. payment
category has a higher value of m than with 2. payment
category. The value of m is to be calibrated during the
test run of the PAS.
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Aps category M
2. payment
N . =T
category
fa ff
fie
Pj

Pmax /
Pmin [------ / E

f ff f1_| e
Figure 6. The function of the demand responsive rates (sour-
ce: own)

3.3 Proposed PAA

Travellers can access to the services of the PAS
by an application called PAA. Personal expecta-
tions of travellers are managed by this applica-
tion.

The application executes a multi-criteria analy-
sis during operation, where the traveller adjusts
the values of the criteria. Parking facilities are the
possible alternatives. Data filtering has been
found to be the most efficient method for selection
of the appropriate alternatives. Namely travellers
feel more confident about the results filtered by
different criteria at the same time, rather than re-
sults computed by weighted criteria. Traveller can
adjust extreme values to the following criteria:

« distance between parking facility and de-
stination,

* actual occupancy,

* popularity of parking facility,

« incidence rate of crime,

« outdoor/indoor parking facility,

« arrival and departure time,

« the rate of the fee depending on the duration of
parking.

The range of data and frequency of data collec-
tion depend on these criteria. For example actual
occupancy is real-time data, which has to be coll-
ected periodically, with an appropriate sampling
time cycle. Transmission time between parking
facility and the PMC as well as the data updating
time cycle in the PMC have also been taken into
account.

The application has to have an ease of use con-

sidering it will be usually run on a mobile device
during travel. The menu contains a minimum
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number of items; travellers can save their de-
stinations and personal settings for later use.
Figure 7. illustrates the menu options of the PAA.
Blue boxes represent the forms (1. and 2.) with
input and output data. Functions and data ma-
nagement operations (A-G) are indicated by ar-
rows between boxes. The open and close (A, B)
functions are available on the initial form, called
“Favourites” (1). The traveller can create (C) fa-
vourites based on the regular travel motivations
and the actual parking attributes. When editing
a favourite, values of the filtering criteria are ad-
justed. Only one favourite can be selected (D)
for one data filtering. After selection of a favou-
rite, data filtering (E) can be performed. Search
results for parking appear in the next form (2).
After one parking facility has been selected from
the results, its data can be also saved (F). When
data filtering does not result in any appropriate
parking facility, the traveller may return to the in-
itial form (G), where the filtering criteria may be
readjusted.

A.) Open B.) Close

v

C.)New (personal o
favourite expectations) E.) Filtering data

1. Favourites I D.) Selecting onefavourite

* Maximum distance between parking facility
and destination: maximum value of distance
acceptable to traveller. (Straight line distance
is calculated between parking facility and de-
stination by GPS coordinates.)

* Minimum security: minimum value of security
required by traveller. It may vary among the fol-
lowing 3 values:

o high security (value: 3),
o medium security (value: 2),
o low security (value: 1).

 Arrival and departure time: arrival and depar-
ture times can be set with hour accuracy.

» Day of the parking: the day of the parking de-
manded by the traveller.

Following attributes of the parking facilities are
used in the PAA:

» GPS coordinates: for calculation of straight
line distances between parking facility and
destination. If the calculated value is less than
the maximum value acceptable to the traveller,

the parking facility is appropri-

ate in this regard.

» Opening and closing time:

these time values are compa-

red to the time appointed by
the traveller.

F.) Saving search results and close » Security: if the value is less

G.) Back to ¢
favourites 2. Search results

for parking

Figure 7. Menu options of the personalized PAA (source:
own)

For testing the operation of the PAA, a prototype
has been developed using Microsoft Access. As
a result of the development so far the prototype
can manage the following data:

* basic expectations of travellers,

« data of parking facilities and

« data of destinations (location coordinates,
address).

Sample data of the database is originated from
the city of Gyér. All options in the application can
be demonstrated by this data. Results of our sur-
vey have also been considered for default set-
tings.

Data elements on the initial form appear in the
following format:

* Name of favourite: name of the travel motiva-
tion.

* Destination: name of the destination.

* Maximum hourly rate: maximum value of hour-
ly rate acceptable to the traveller.
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> than the minimum value of se-

curity required by the traveller,
the parking facility is not appropriate in this
regard. Its value can vary among the following
3 values:
o high security (value: 3),
o medium security (value: 2),
o low security (value: 1).

* Hourly rate: if the value is less than the maxi-
mum value of the hourly rate acceptable to the
traveller, the parking facility is appropriate in
this regard. The actual fee is calculated by the
hourly rates.

» Actual occupancy of a parking facility: if this
value is higher than or equal to 90% occupan-
cy, the parking facility doesn’t appear in the
result list.

Only the parking facilities that meet all expecta-
tions of traveller are listed.

3.4 Further development opportunities of the
PAA

The input and output forms can be integrated
into a map interface. The traveller can define a
starting place (A) and a destination (B). Clicking
on the starting place, the traveller can adjust his
or her expectations (maximum hourly rate, maxi-
mum walking distance, minimum desired securi-
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ty). Clicking on the destination, the traveller can
define his or her arrival and departure time and
the day. The results of the filtering (recommen-
ded parking facilities) appear on the map inter-
face. Clicking on a parking facility, its properties
and the booking function appear. The application
plans routes to each parking facility from the star-
ting point and to the destination. Navigation is
also available.

4. Conclusions

Urban mobility management requires the use of
advanced infocommunication technologies. Ai-
ding the ETC with information in real time is a rat-
her complex task, requiring extensive integration
of the subsystems. One crucial phase of this task
is the parking management. PAS is an effective
solution in passenger transportation, which re-
quires relatively low operational costs compared
to other management systems or measures. Our
proposed PAS and its services can be integrated
into the information system covering ETC.

The proposed PAS provides real time information
before and during travel, also considering perso-
nal expectations. A limited number of personal
setting options in the PAA may already sufficiently
aid travellers. Results of our survey have clearly
highlighted the promising features that can signi-
ficantly improve traveller satisfaction during the
search for a parking space.

Estimating of occupancy does not require com-
plex calculations. The changes of occupancy is
well balanced in each time bands. The demand—
responsive rates can be calculated with simple
methods. Simplicity and efficiency are not mutu-
ally exclusive.

Our future research work will focus on integrating
parking management into traffic management.

Acknowledgement

,TAMOP-4.2.2.C-11/1/KONV-2012-0012: ,Smar-
ter Transport® - IT for co-operative transport sy-
stem - The Project is supported by the Hungarian
Government and co-financed by the European
Social Fund”

References

1. Akyildiz, lan F., Weilian, Su, Sankarasubra-
maniam, Yogesh, Cayirci, Erdal, ,A Survey
on Sensor Networks®, ,|[EEE Communica-
tions Magazine®, 40(8), 2002, 102-114, doi:
10.1109/MCOM.2002.1024422

44

10.

11

12.

Allen, Philip A., ,Driver response to parking
guidance and information systems*, ,Traffic
Engineering and Control®, 34(6), 1993, 302-
307, accession number: 00784954

Arnott, Richard J., Rave, Tilmann, Scho-
eb, Ronnie, ,Alleviating Urban Traffic Con-
gestion®, ,Journal of Regional Science®,
47(3), 2007, 644-646, doi: 10.1111/j.1467-
9787.2007.00523_9.x

. Caicedo, Felix, ,Real-time parking information

management to reduce search time, vehicle
displacement and emissions®, ,Transportati-
on Research Part D*, 15(4), 2010, 228-234,
doi: 10.1016/j.trd.2010.02.008

Giuffre, Tullio, Siniscalchi, Sabato Marco,
Tesoriere, Giovanni, ,A novel architecture
of Parking management for Smart Cities®,
.Procedia - Social and Behavioral Sci-
ences”, 53(3), 2012, 16-28, doi: 10.1016/
j.sbspro.2012.09.856

Heckenast, T., Hartvanyi, Tamas, ,Virtual Ti-
cket Scheme for Dynamic Capacity Enhan-
cement®, ,Acta Technica Jaurinensis®, 1(1),
2008, 135-146, ISSN Number: 1789-6932
Hdssinger, Reinhard, Wildhalm, Peter, Ulm,
Michael, Heimbuchner, Klaus, Wolf, Eike,
Apel, Roland, Uhlmann, Tina, ,Development
of a Real-Time Model of the Occupancy®, ,In-
ternational Journal of Intelligent Transportati-
on Systems Research®, 12(2), 2014, 37-47,
doi: 10.1007/s13177-013-0069-5

Jong-Ho, Shin, Hong-Bae, Jun, ,A study on
smart parking guidance algorithm®, ,Trans-
portation Research Part C*, 44, 2014, 299-
317, doi: 10.1016/j.trc.2014.04.010
Klappenecker, Andreas, Hyunyoung, Lee,
Welch, Jennifer L., ,Finding available par-
king spaces made easy‘, ,Ad Hoc Net-
works®, 12, 2014, 243-249, doi: 10.1016/
j-adhoc.2012.03.002

Kobus, Martijn B.W., Gutiérrez-i-Puigarnau,
Eva, Rietveld, Piet, Ommeren, Jos N. van,
.1he on-street parking premium and car
drivers' choice between street and garage
parking®, ,Regional Science and Urban Eco-
nomics®, 43(2), 2013, 395-403, doi: 10.1016/
j.regsciurbeco.2012.10.001

. Ommeren, Jos N. van, Wentink, Derk, Riet-

veld, Piet, ,Empirical evidence on cruising
for parking®, ,Transportation Research Part
A* 46(1), 2012, 123-130, doi: 10.1016/
j-tra.2011.09.011

Rodier, Caroline J., Shaheen, SusanA., ,Tran-
sit-based smart parking: An evaluation of the
San Francisco bay area field test, ,Trans-
portation Research Part C*, 18(2), 2010, 225-
233, doi: 10.1016/j.trc.2009.07.002

Ozv 3/2015



13.

14.

15.

16.

17.

18.

19.

20.

21

Sandor, Zsolt, Csiszar, Csaba, ,Development
Stages of Intelligent Parking Information Sy-
stems for Trucks®, ,Acta Polytechnica Hun-
garica“, 10(4), 2013, 161-174, doi: 10.12700/
APH.10.04.2013.4.10

Shoup, Donald C., ,Cruising for parking®,
»1ransport Policy, 13(6), 2006, 479-486,
doi: 10.1016/j.tranpol.2006.05.005

Simicevi¢, Jelena, Vukanovi¢, Smiljan,
Milosavljevi¢, Nada, ,The effect of parking
charges and time limit to car usage and par-
king behaviour®, ,Transport Policy“, 30, 2013,
125-131, doi: 10.1016/j.tranpol.2013.09.007
Soltész, Tamas, Kozel, Miklos, Csiszar, Csa-
ba, Centgraf, Tamas, Benyo, Balazs, ,Infor-
mation system for road infrastructure boo-
king“, ,Periodica Polytechnica®, 39(2), 2011,
55-62, doi: 10.3311/pp.tr.2011-2.02
Tang, V.W.S, Yuan, Zheng, Jiannong, Cao,
»An Intelligent Car Park Management System
based on Wireless Sensor Networks®, ,The
1st International Symposium on Pervasive
Computing and Applications®, 1, 2006, 65-70,
doi: 10.1109/SPCA.2006.297498
Thompson, Russell G., Bonsall, Peter, ,Dri-
vers’ response to parking guidance and infor-
mation systems*, , Transport Reviews*, 17(2),
1997, 89-104, doi:10.1080/01441649708716
974

Varga, Norbert; Bokor, Laszld; Fischer,
Hans-Joachim, “LDM-based dynamic net-
work discovery and selection for IPv6 mobi-
lity management optimization in C-ITS en-
vironments”, “4th International Conference
on Models and Technologies for Intelligent
Transportation Systems (MT-ITS 2015)", 3-5
June 2015, Budapest, Hungary, p. 483-490.
doi:10.1109/MTITS.2015.7223298
Verhoef, Erik, Nijkamp, Peter, Rietveld, Piet,
» 1 he economics of regulatory parking policies:
the (IM)possibilities of parking policies in traf-
fic regulation®, , Transportation Research Part
A*, 29(2), 1995, 141-156, doi: 10.1016/0965-
8564(94)E0014-Z

. Yanfeng, Geng, Cassandras, Christos G., ,A

new Smart Parking System Infrastructure and
Implementation®, ,Procedia - Social and Be-
havioral Sciences®, 54(4), 2012, 1278-1287,
doi: 10.1016/j.sbspro.2012.09.842

Ozv 3/2015

45



