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Abstract

The demand for parking surveys has increased significantly. Despite the ingreased,
demand for parking surveys, however, there has been little research and tec%l
p

developments. Existing parking surveys are carried out by inspectors reco the
vehicle license numbers on paper and showing their approximate location ¢n . This
method is time consuming and it is difficult to ensure the accigacy of t igh data. In
addition, it has the problem of the additional cost and % ize the survey
data. Therefore, this study evaluated a parking suryewmetho utiW smartphone to
overcome the limitations of existing parking s @ irst V ential items in a
parking survey were identified and defined. Based ®asthis, a smagtphone application was

developed for parking surveys. Using the dev d applicagion, a system was constructed
to collect the parking survey data, and the sary softwaresto analyze and express the

collected data was developed. If the res % is stu
surveys, then it is expected to be @ in

efficient parking surveys and pr unneces uplicated surveys by the efficient
management of parking su e@ata. Farthermore, through the tabulation and

visualization of data thr maps, ’x expected to help understand more
comprehensively and th@iimensio actual parking situation in the targeted

survey area.
*
Keywords: P %rve’@%phone Application, Parking Survey Item, GPS,
Wireless Mgbi municatio
1. Introduction 6

Parking in citi coming an increasingly serious traffic problem that is considered
very difficult t . Despite the promotion of a variety of parking policies, there are
limits to a fundamental resolution of the problem. Parking problems arise due to the need
parking in areas, such as the CBD and commercial zones, and a lack of
sidential areas. Lately, with regards to destination parking, the standards for

t |@ ation of attached parking lots are being strengthened legally and institutionally.

%\ rease the utilization of buildings, there are cases where the building owner
voldntarily expands the number of parking spaces, but still the garage parking situation in
residential areas is insufficient at night. In particular, for housing, such as apartments and
multiplex houses, there are parking spaces but parking lot shortages are reaching serious
levels in areas with detached houses.

Parking lot shortages lead to illegal parking and can be a major cause of traffic
congestion and traffic accidents. In addition, parking problems in residential areas creates
a situation that leads to social problems, such as dissent between people caused by these
parking problems.

To alleviate the parking problems that are becoming increasingly serious, despite the
range of policies, such as increasing the number of parking lots and the promotion of

n be applied to various parking
the social costs through more
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parking demand management, there are no effective solutions. The problem of the lack of
garages in existing residential areas cannot be eased with parking demand management
policies. Countermeasures that limit car ownership or expand the number of parking
spaces are needed.

A policy that limits car ownership is, in reality, very difficult to implement when
considering the various economic and social conditions. Parking lot supply policy should
first ensure there is the required space for constructing a car park. On the other hand,
securing land for the construction of parking lots is very difficult due to the recent high-
density urban development. Even if land is obtained, the increasing construction costs
caused by rising land prices makes implementing a parking supply policy difficult.

The implementation of a reasonable and effective parking policy requires accurate
analysis of parking problems associated with a variety of causes. This requires sufficient
survey data on the basic actual parking conditions.

Therefore, in the Republic of Korea, through parking ordinances, mayors,
governors, or district heads decide on a survey area by comprehensively considesi
administrative divisions, and zoning areas or regions, and conduct a surve;@

and demand for parking lots every three years. This serves as, the basis f
and management of parking lots. .

In addition, survey results regarding actual parking cegditiops n ed t submitted in
the promotion of various development projects or ipsth |t P oce the demand for
parking surveys has increased significantly. On thg other han red to the increase
in demand for parking surveys, research and%hn ogical deve ent is at a critically

low level.

Existing parking surveys are carrled.o mspector\‘%ordmg the vehicle license

number on paper and showing the app o ti n a map. This method takes too
much time and it is difficult to ensu ccur location data. In addition, there
is the problem of the additionalc time itt 0 computerize the survey data.

Parking surveys are carri d a larg mber of parked vehicles in a wide area.
Therefore, the method that ector; information on paper is unsuitable for
parking surveys due to | f mobili oreover, the reliability and accuracy of the data
is reduced because th(& dataign mputerized in real-time.

Some attempts een mada%:onverge the latest state-of-the art IT technology in
parking surveys fe e thes

Ha et a}~R044) prov example of where a patent was registered for the

i @ recognition system using a mobile application. Lee and
research to develop and utilize an automatic parking system
that can carry out g surveys by mounting a camera on a vehicle to automatically
i plates of parked cars. Despite this, existing research results have
do not satisfy all of the requirements for a parking survey.

o0 identify and define the essential items in a parking survey. Based on this, a
ne application was developed for parking surveys. Using the developed
ation, a system was built to collect parking survey data, and the necessary software
to analyze and express the collected data was developed.

2. Related Research

Most prior research on parking focused on parking demand forecasts, parking unit
calculations or the development of parking policy. To conduct parking related research,
basic data collection is needed and prior research has described the methodology used for
parking surveys. Nevertheless, there have been few studies on parking surveys.
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Referring to previous research related to parking demand forecasts, Park et al. (1999),
Park (2003), and Kwon et al. (2014) carried out research to develop a parking demand
forecasting model by applying variables that affected the parking demand for apartment
housing. Ahan and Lee (2010) conducted research to build a parking demand forecasting
model for factory facilities in an industrial complex through a site survey. Lee (2008)
carried out research on the methods to estimate the parking demand.

Referring to previous studies concerning parking units, Oh et al. (2006) conducted
research to calculate the parking units using regression analysis after separating the data
based on the city size and land use. Lee (2008) proposed parking unit application
standards that can estimate the parking demand according to the facility type to
compensate for the problems with parking unit calculations using existing site survey
methods. Kwon et al. (2014) also developed a model to estimate parking units.

Lee et al. (2014) analyzed the parking situation with regards to parking turnover for
off-street parking. Lee et al. (2013) carried out research on effective parking manageme t‘
by examining the plates of parked cars using a camera. With regards to research
street parking, Hwang et al. (2010) analyzed the actual situation for streg o. ing on

main roads and side streets, and Lee (2012) conducted research on ille g using
an automated parking survey. A Qg

The most common survey methods used by reses u eviots/studies, were

surveys or questionnaires and site surveys. Surveys e dctual par conditions were
conducted using CCTV or cameras directed at pa ars in I%wpaces such as off-
street parking.

Previous studies with a research obje 'Qf surw@thods for actual parking
conditions include Lee (2014), who €0 @; ted researchvto develop and utilize an
automated parking system, but it was Icient: Qticular, there has been no prior
research on parking surveys that isco rated‘%\o ones. Therefore, in the present

study, a parking survey was % iy the smartphone as a tool for parking surveys.

*
3. Smartphone Appllcatlo De@ent for Parking Surveys

3.1 Settingup P #\p rvey I%
To develop hone on for parking surveys, the parking survey items

must flrst d and d In this study, the items needed for parking surveys
were set u ugh an is of previous studies and methods used in the surveys of
supply of an man rking lots.

3.1.1 Inspector; rmatlon The input entry of inspector’s information was minimized
for personal in tion protection. This was set up to only enter the inspector's name to
distinguis ween inspectors so monitoring personnel can manage parking survey

make it possible for task transfer, such as where further investigations are
he system was developed to make it possible to input the survey inspector's
Korean and English.

3.1.2 Survey Area Setting: Parking surveys can be carried out by categorizing according
to the area or street depending on the reason for or specifications of the survey. In
addition, because of the characteristics of the parking survey, which require an
investigation of a wide area, an important factor in the success or failure of a parking
survey is the inspector's precise knowledge of their own survey areas. Therefore, in this
study, after verifying in advance the exact scope of their investigation, the inspectors can
conduct the survey. To help the monitoring personnel determine if the parking inspector is
doing the designated survey, the input item was set up to allow the scope of the survey to
be specified by area or by street.
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3.1.3 Vehicle Classification: To perform parking surveys, vehicle classification of parked
cars is vital. Even in 'Daegu City Surveys of Supply of and Demand for Parking Lots',
vehicles are classified into three categories - passenger cars, small buses and trucks, and
big buses and trucks. The category of passenger cars includes, vehicles such as general
passenger cars, SUVs, passenger-type trucks, and vans with a seating capacity of less than
sixteen passengers. Small buses and trucks include small trucks designed for the purpose
of cargo, which are 1 to 2.5 tons, and buses with a seating capacity of 16-25 passengers.
Large buses and trucks include large buses with a seating capacity of more than 25
passengers and heavy duty trucks and special vehicles, such as heavy-duty construction
vehicles, which carry more than 2.5 tons of cargo.

In this study, vehicle classification also used the same classifications as the 'Daegu City
Surveys of Supply of and Demand for Parking Lots', and was developed as a met hato
allows users to click on the menu for fast input. In addition, to minimize the i S
input errors, every classified vehicle was numbered simultaneously and the e%was
displayed in gray.

3.1.4 Separation of Legal and Illegal Parking: Parkl \&s S ou%{onducted by

separating vehicles into legally and illegally parke as nee n particular, the
classification of legally and illegally parked vehlc ; very \ t factor in matters,
ys

nd anal on-street parking.

such as parking spaces, parking demand manag

Some examples of legal parking include W)@lhe vehic parked within the marked
parking space, or more than half of the.ve parked In the lines, and where the
vehicle is parked in an open area WI eve her traffic from passing. If the
vehicle does not correspond to the n of king, it can be viewed as illegal
parking. Some types of illegal ar re parkl he shoulder lane with a yellow solid
line or dashed line, parking ﬁ Wlth.aﬁerllne with no shoulder line, parking on a

€s,

road with no marked parking g in places, such as on the open space in
front of the building, a setlfack area, a%walk.
Automatic parkl that s, such as cameras, have drawbacks; there is a
high incidence o N$ as the de\%unatlon of legal and illegal parking is ambiguous.
an

Moreover, the to correct this but this takes a lot of time. In this

study, whilg ector g the parking survey, using an input method, which
distinguish&s bgtween nd illegal parking at the scene, the problem caused by
unnecessary correcti minimized. The input method applied was to click on the
smartphone screen ill in a numeral according to the type of parking to prevent errors
in the gray entr n.

3.15 Inp Vehicle License Plates: The license plates of vehicle in the Republic of
Korea h the Korean alphabet and numbers to make an identification code of seven

its. For research on actual parking conditions and analysis, a survey on the
vej ictedicense plate that identifies a parked vehicle is essential. In this study, a means for
Ifgpectors to enter the vehicle license plate information directly was developed. This
feature is expected to be utilized in an analysis of parking characteristics, such as area-
specific classification and analysis of parked vehicles.

3.1.6 Location Information of Parked Vehicles: Location information of the parked
vehicle is an essential element in the surveyed area or in the spatial analysis of a vehicle
parked on the street. Therefore, in this study, the survey items were set up to enable the
input of the location of parked vehicles according to latitude and longitude. The location
information of the parked vehicles use GPS on the smartphones so the co-ordinates can be
collected in real time.
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Compared to traditional methods of collecting location information of parked vehicles
manually on paper, this method has the effect of significantly reducing the time and cost
of on-site surveys and internal processing.

In addition, in the case where the survey method used a vehicle-mounted camera, this
inherently caused large errors to occur because the location was based not on the precise
location of the parked vehicle but on the location of the vehicle with the camera. On the
other hand, the method developed in this study has a very strong advantage of accurate
location information because it uses a smartphone adjacent to the parked vehicle making
it possible to obtain the coordinate information. The input method used a system of
clicking on the GPS confirmation button. Moreover, to confirm the location information,
it was developed to show separately the latitude and longitude coordinates of the WGS84,
which are the GPS coordinates.

3.2 Results of Application Development \/’

When conducting parking surveys, items essential for the analysis include e?@ctor,
survey site, and the identification and location information of parked vehici€s.”In this
study, these essential items were subdivided and set up jnfo ‘eight spegffi s. In this
study, by applying the set up parking survey items\ droid- smartphone

application was developed for parking surveys. Q&en Was\@oned considering
ol

power loss so black was selected as the background

SKT &

[EREERE)

[B1F 23 A setback)

Figure 1.S&®one Application Developed for the Parking Surveys
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Table 1. Smartphone Application Developed for Parking Surveys

Category

Icon

Description

Inspector's name

ZEALXL EE

Enter on-site inspector's name

Survey area

Block .
number EH U= Enter survey area's block number
Street number Enter street number of survey

Parked
vehicles

Hannems

\ .
o [ elect the ap riate”type from
Vehicle Type Py 1\ e Vehicle ¢ itations

Legal/lllegal
Parking

Select the appropriate type of
parking

SN

Enter license number(7-9 digits)

Locatio
infor

Q)ﬂ

\ !Latltude GPS information display
Longitude GPS information display
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4. Construction of a Parking Survey System using a Smartphone
Application

4.1 Data Collection and Management System

Parking surveys need to cover many vehicles over a very wide range; hence, even on-
site surveys on actual parking conditions require considerable time and money. On the
other hand, processing extensive field survey data including modifications also takes
significant time and cost. Figure 2 shows the development of a system that can input and
manage real-time survey data using a smartphone application that can investigate actual
parking conditions on site.

Figure 2. Conce gra Eo?&smlssmn and Management System of

Real T4 Parking Survey Data

Data trapsm ' item developed to enable the transmission of data being
collected i‘lme fo parkmg surveys through smartphone communication. This
make it possiBle for se parking inspectors to collect data at the same time from their
respective survey ns and transmit this data concurrently in real time. The system
was developed parking inspectors' data could be transmitted to the Android
KSOAP ASP » and changed to a Query form in the Android KSOAP ASP page to
enable th dellvery to the database.

aly5|s and Display System

Is study, a method for the real time data collection of actual parking conditions,
he analysis and display of stored data was developed to enable a variety of displays
usmg the application program, where it can use coordinate information, such as Arc GIS
and Auto CAD, by calling up the query delivered to the database. Figure 3 gives an
example of a data table, which is displayed in Arc GIS of parking survey data. Referring
to Figure 3, the management of survey data occurs in real time because it shows the
inspector's name, block number, street number, survey time, vehicle license number,
vehicles type, legal/illegal parking status, and latitude and longitude.
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Figure 3. Data Table of Parking Survey R usin\ plied Program

ata table
eful in a

Using the parking survey data displayed in at, it is possible show the

results in dotted form on a map. This will
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*

Figure 5. Results rklr@vey Analysis

5. Conclusions

Existing parking sur that reqw ctors to record their data on paper require
too much time and mone@d have ms such as decreased accuracy and reliability.
Therefore, this study

out reséarch on a parking survey method using a smartphone
to overcome the I| ns a ~%the problems of existing parking surveys. Through
the develop arkmg martphone application, a system was constructed to
allow the e@ Its of onsite surveys, and the transmission of this real-time
data to the ess data transmission.

The survey ite e developed smartphone application for parking surveys
provides informat the inspector, survey area, identification of parked vehicles, and
location, and @bdivided into the inspector's name, block number, street number,
vehicle type, legal/illegal parking status, vehicle license number, vehicle type, and the
vehicle's_latitade and longitude. The system was developed as a method that enabled
vehicl -@a input as one of three types, and there were seven different parking statuses

S 0 minimize the cost and time for data input and analysis, a system was built to

er the data collected on -site in real time to the server by wireless transmission. The
systtm was constructed to allow multiple inspectors to send their collected data
simultaneously.

The data transmitted in real time is organized automatically into tables and was
implemented so that by color-coding in accordance with whether the vehicle was parked
legally or illegally, it could be displayed on a map.

This study was carried out to address the problems with the existing time consuming
and expensive parking survey methods. If the results of this study can be applied to
various parking surveys, such as a survey of the supply and demand for parking lots,
which is legally required by cities or various development projects, then it is expected to
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be effective in reducing the social costs through more efficient parking surveys that have
been increased in demand.

In the case using the developed real time parking survey data transmission and analysis
system, which is the result of this research, it is expected that the proposed system will
prevent unnecessary duplicated surveys by the efficient management of collected parking
survey data. Furthermore, through the tabulation and visualization of data through maps,
it is expected to help understand more comprehensively and three-dimensionally the
actual parking situation in the targeted survey area. In addition, it will contribute to
establishing a more effective parking policy.
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