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ABSTRACT 

 

The primary objective of this study is to explore the potential utility of Geographic Information 

Systems (GIS) in assessing the distribution and availability of parking spaces within urban 

areas throughout the day. The research focused on the parking facilities within the Majlis 

Bandaraya Petaling Jaya region in 2022. The dataset encompassed pertinent details such as 

the geographical coordinates of each parking location, individual parking capacity, the 

classification of adjacent roadways, and associated pricing information. This comprehensive 

parking dataset was sourced from the local municipal authority. The investigation entailed 

correlating parking occupancy rates with factors like parking fees and the time of day. The 

identification of accessible parking spots and their respective occupancy rates was facilitated 

through the utilization of a GIS query builder. The Majlis Bandaraya Petaling Jaya effectively 

employs a computerized geographic information system to manage, process, analyze, and 

generate geographical and attribute-related information. This system necessitates software, 

technological infrastructure, databases, procedural frameworks, and human expertise to 

efficiently manage the accumulated information. Among the diverse applications of GIS, 

geospatial data analysis is a pivotal component. The findings of this study revealed two 

significant outcomes: firstly, the conversion of Google Earth's imagery sensing data into a 

Geographic Information System format was successfully accomplished; and secondly, GIS 

demonstrated its viability as a tool for comprehensively studying parking lot occupancy across 

various levels of analysis. The utilization of distribution or mapping maps notably simplifies 

the tracking of intricate data sets. Therefore, the formulation of distribution maps for parking 

lot occupancy proves imperative in addressing traffic congestion and related inconveniences. 
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Employing a GIS-based approach to parking spot identification could also contribute insights 

into the realms of traffic congestion and pedestrian safety within urban settings. 
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1. Introduction  

According to a press release issued on April 16, 2014, by market research agency Nielsen, 

Malaysia has the third-highest rate of car ownership in the world, with 93 percent of households 

owning a car. That is to say, only 7 percent of Malaysian households do not own cars. Car 

parking is a major issue in both developed and developing countries' urban areas. Many cities 

are suffering from a lack of car parking areas as a result of the rapid increase in car ownership, 

with an imbalance between parking supply and demand, which can be considered the initial 

cause of metropolis parking problems.  

This imbalance is caused in part by ineffective land use planning and underestimation 

of space requirements during the early stages of planning. Parking space shortages, high 

parking fees, and traffic congestion caused by visitors looking for a parking spot are just a few 

examples of common parking issues. In recent years, planners and researchers have focused on 

parking to solve current traffic problems, particularly in congested urban areas. For the study 

area, Irbid-Jordan city, where curb parking is common, parking lots have recently been used to 

alleviate congestion, aid in the reduction of pedestrian accidents, and encourage pedestrians to 

change cultural behaviors by walking on streets rather than sidewalks (Riggs, 2014; Huang and 

Hsieh, 2022). Furthermore, because on-street parking is in short supply, drivers are willing to 

park in parking lots for safety reasons.  

The geographic information system (GIS) is a computer-based tool for visualizing, 

mapping, and analyzing earthly phenomena. GIS is a technological tool for analyzing spatial 

data. It is the science of spatial and attribute data analysis that makes GIS an effective tool for 

locating public parking locations (Watener et al., 2013; Yaacob et al., 2016 and Obaidat, 2018). 

As a result of GIS's usefulness, many private and government agencies in Malaysia are using 

and implementing it on a regular basis. 

The aim of this paper is to provide a methodology framework using GIS to provide 

information about parking space availability, especially in Central Business District (CBD) 

areas, in order to set an efficient parking solution or smart parking monitoring systems for 

sustainable transportation in the smart cities environment. The availability of parking areas data 

provided to the public at the locality can resolve the issue of traffic congestion, lost time and 

difficulties of finding parking spaces at CBD and thus can reduce carbon emission. The smart 

parking monitoring provided in the locality will achieve the quality of ' 'citizen's life, which 

considers the aspects of planning, management, technology and environment (Khairuzzaman 

et al., 2020; Ahmad et al., 2014). The objectives of this paper are to extract the parking area 

from imagery sensing Google Earth, to gather data on the type of parking areas from the 

available database provided by local authorities and to produce the distribution map of parking 

availability by categories - area by units, hectares and types. 

2. Literature Review 

2.1  Parking  

The parking system is a branch of engineering that falls under the purview of Traffic Engineers. 

In order to determine whether current parking needs are met, a study of parking is crucial. 

Parking is defined as a location or storage area for stationary vehicles, as well as the act of 
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stopping and disengaging a vehicle and leaving it unoccupied. It is convenient for motorists to 

park or store a vehicle in order to conduct their own business. The scarcity of space in urban 

areas has increased the demand for parking spaces, particularly in business districts. The lack 

of off-street parking in most urban areas, combined with inefficient traffic management, has 

resulted in parking issues, particularly in cities. The pattern of parking supply in our towns and 

cities has been evolving in recent years as parking demand has increased. This has been 

influenced from the start by the public and private organizations involved in providing parking 

infrastructure. It is important to remember the basic types of parking and the extent to which 

local governments have control over them. When considering parking supply, Rye and Kylin 

(2014) made the distinction between on-street and off-street parking, as shown in Table 1. 

Table 1. Parking type and sector controlling and supplying the parking area. 

Location On-Street Parking Off-Street Parking 

Use Public Private, Public 

Owned Public Private, Public 

Operated Public or Private Private, Public 

Type Free, Priced, Permit, Duration Control Free, Priced, Priced, Free, Priced 

 

2.2  On-Street Parking  

In Europe, all on-street parking is publicly owned and provided by local governments, often 

under the general guidance and legal framework established by the central government. Local 

governments decide which restrictions should be imposed on specific streets within the 

framework of central government guidelines, taking into account national and local pressures 

for road safety, traffic flow, public transport provision and movement, the functioning of the 

local economy, residents' needs, and access to emergency services. 

 

2.3  Off-Street Parking  

The majority of parking spaces will be located off-street in and around average medium- to 

large-sized cities. Most local authorities will require a certain amount of off-street parking to 

be built for the users of all new developments in their area. Additionally, all are likely to provide 

some public off-street parking, sometimes at a cost, for all users. However, the construction of 

a new off-street parking can be extremely expensive. 

 

2.4  Availability of Parking Space and Management    

Parking management encompasses a wide range of policies and programs that result in more 

efficient use of parking resources while also providing significant economic, social, and 

environmental benefits. Although individual parking management strategies frequently have 

minor effects, their combined effects are significant. A cost-effective, integrated parking 

management program can frequently save money on parking requirements by 20-40% while 

improving user convenience and contributing to the achievement of additional planning goals. 

According to Glaab (2017), the best way to reduce driving is by charging people directly to 

drive and to cope with the price and demand. In this context, parking spaces should be 

considered real estate either in parking lots or as curb parking. The location of the parking area 

will determine the value. A space with many people, jobs, and amenities, such as a parking 

space in the heart of the city, is more valuable than one with fewer people, jobs, and amenities, 

such as a street space in a small town or a city space in the middle of the night. As a result, if 

parking were priced like most commodities, its cost would vary depending on both time and 

location. It would be more expensive in large cities than in small towns, in business districts 

than in neighborhoods, and at midday rather than at midnight.  
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If on-street parking is kept low enough to always be close to full, adding more off-

street parking spaces will not necessarily reduce cruising for parking. If on-street parking is less 

expensive than off-street parking, there is always an incentive to cruise for street parking as 

long as the value of expected cruising time is less than the difference in parking prices. Parking 

on the street is typically underpriced, either because there is no fee or because the meter price 

is too low. 

Off-street parking facility owners are unlikely to set prices so low that customers are 

frequently turned away. According to Moura and de Silva (2019), predicting and analyzing 

parking space availability is a broad area of research with numerous opportunities to employ 

various technologies and methodologies. Over the last few years, there have been numerous 

scientific types of research and applications in this area. Existing practices, potential solutions 

and applications in the field of predicting parking space availability will emerge by Tuan 

Hassan and Masrom (2022).  

 

2.5  Distribution of Parking Availability Area   

Shared parking is a good way to solve the parking problem. However, it is obvious that the 

scattered shared parking spaces in residential communities cannot provide enough parking 

spaces at any time. Due to the affordable price of small city cars and free or nominal charges 

for parking, most people prefer to travel by private cars rather than public transport. Nowadays, 

new parking development concepts like multi-level parking systems provide ample space as an 

off-street parking scheme with subsidized parking fees. Those areas generally have a higher 

demand for on-street parking due to a lack of off-street parking spaces. 

   Cruising for parking occurs due to a lack of available parking spaces for parkers and a 

high demand for on-street parking in such areas. It has a negative impact on traffic in most 

major cities around the world, including India. According to Parmar et al., (2020), the average 

volume of traffic related to parking during peak hours can reach 30% to 50% of total traffic. 

People who own a vehicle need a space for parking. As the number of vehicles grows, the need 

for space will increase. Behrendt (1940) mentioned that due to this high growth rate, parking 

has become an integrated component of buildings as well as roadways. Hence, car parking is 

an issue of significance both at the local as well as at the strategic level of planning. The 

contribution towards traffic congestion and violations, accidents and injuries, and wastage of 

time and money as well shows that parking problems arise mainly due to people wanting to 

park exactly in front of the door of their destination.  

   On-street parking proves to be hazardous for through traffic and is also one of the most 

influencing factors for the delay. The high number of on-street parking spaces along the major 

roads in urban areas affects traffic operations, especially at every peak hour. In this case, many 

road users decide to park their cars at illegal parking spaces because of the tendency of people 

to park their cars near the destination regardless of legal or illegal parking. Illegal parking seems 

to be avoided as the number of vehicles increases. The distribution of parking availability areas 

is important to road users to produce effective road users in terms of using parking spaces.  

 

 

3.  Methodology 

3.1  GIS Tools and System  

A geographic Information System (GIS) is a computerized information management system 

used for spatial and attribute information management, processing, analysis, and production. 

To manage information, GIS requires software, hardware, databases, procedures, and the skills 

of a person. The information is managed through a combination of information system 

operations that include planning, observation, data collection, management, and analysis to 

produce information that can be used in decision-making. GIS can be used in a variety of fields, 
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including science, engineering, construction, local governments, social services, national 

defence, and the military. Students are increasingly interested in GIS courses offered at the 

undergraduate and graduate levels in universities and colleges. 

    According to Lim (2022), the geographic information system (GIS) is a computer-

based tool for visualizing, mapping, and analyzing earthly phenomena. GIS is a technological 

tool for analyzing spatial data. Geographic Information System (GIS), as a science of spatial 

and attribute data analysis, is an effective tool for locating the best location for public parking. 

Because GIS is such a useful tool, many private companies and government agencies in 

Malaysia have begun to use and implement it in their daily operations.  

 The software of ArcGIS is a multipurpose GIS software programme created by ESRI. 

It is a large and well-integrated software platform that may be used to create functional GIS. 

There are four essential software components of ArcGIS, which is a geographic information 

model (GIM) that simulates aspects of the real world. These include components for storing 

and managing geographic data in files and databases, a set of pre-built applications for 

generating, editing, manipulating, mapping, analysing, and disseminating geographic data, and 

web services (data and functions) for networked software clients. Mobile devices, laptops, 

desktop computers, and servers can all run portions of the ArcGIS software system. ArcGIS 

Desktop is a fundamental component for GIS professionals to produce, examine, organise, and 

distribute geographic data so decision-makers can make well-informed choices. The ArcGIS 

Desktop can manage data, make maps, and conduct geographical analysis with it. To find 

spatial patterns, trends, and obscure correlations, ArcGIS Desktop can ingest data in a variety 

of formats and employ robust analytical tools and workflows. ArcGIS Pro, the powerful single 

desktop GIS application, is a feature-packed software developed with enhancements and ideas 

from the ArcGIS Pro user community. ArcGIS Pro supports data visualization; advanced 

analysis; and authoritative data maintenance in 2D, 3D, and 4D. It supports data sharing across 

a suite of ArcGIS products, such as ArcGIS Online and ArcGIS Enterprise, and enables users 

to work across the ArcGIS system through Web GIS. Discover the full spectrum of tools and 

capabilities within ArcGIS Pro today. This software can transform data into maps and 

actionable information. The software of ArcGIS Desktop has a multi-functional programme 

that can integrate data from multiple processes. The combination of data from various sources 

and formats can be supported by this software. Other than that, this software also can edit and 

analyse the data.  

 

3.2  Intelligent transportation systems and parking management: Implementation 

potential in a Malaysian city 

A detailed map with accurate parking area positions and additional parking information, such 

as type of parking, cost or parking restrictions, is required to create an ITS for urban parking.  

This information is not currently available in any database above the level of individual 

municipalities. A highly scalable process that relies solely on existing and widely disseminated 

technologies rather than exhaustive manual data collection methods is required for quickly, 

cost-effective, and reliably mapping parking areas. Remote sensing imagery and query 

databases from GIS were identified as appropriate data sources. GIS data will be used to query 

the database and extract the aggregate parking area information from remote sensing imagery. 

According to Giannopoulous et al. (2017), the GIS database that is formed is capable 

of incorporating data that describes the existing situation and, furthermore, data that can be 

used to establish propositions for solving the identified problems. A substantial amount of 

primary and secondary geometric and descriptive information regarding the nature and 

characteristics of the area, which affect parking, was extremely valuable. More specifically, a 

unique card for every main building of the area was completed by a fieldwork survey, including 

a series of attributes that refer to the built environment and the existing floor and upper land 

use. Moreover, attributes regarding the street network and parking supply per block were added. 

The use of a comprehensive GIS environment not only contributes to improving the quality of 
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research but also offers the possibility of continuously updated information and monitoring of 

the factors that influence the development of parking” policies’ implementation. Figure 1 

illustrates the parking distribution map digitiser that can be displayed using GIS (Giannopoulous 

et al., 2017). 

Figure 1. Illustration of parking distribution map digitizer. 

3.3 Data Collection  

Data collection will be based on secondary data collected from the local authority. The 

procedure of collecting, measuring and analyzing accurate insights for research using standard 

validated techniques. The data requirement consists of secondary data. The data that has been 

collected is to profile all the parking distribution in the MBPJ area. The following variables 

were included in the availability of parking lots study:  

• location of the parking area 

• types of parking areas 

• status of the parking area 

• the total area of parking lots 

The profiling of parking space detection under Majlis Bandaraya Petaling Jaya using 

computerized information management system for information management, processing, 

analysis and production of information related to spatial and attribute, which is known as a 

Geographical Information System (GIS). The use of a comprehensive GIS environment not 

only contributes to improving the quality of research but also offers the possibility of 

continuously updated information and monitoring of the factors that influence development of 

parking “policies’ implementation. 

3.4 Methodological Concept Results 

The profiling of parking space detention under Majlis Bandaraya Petaling Jaya using 

computerized information management system for information management, processing, 

analysis and production of information related to spatial and attribute which is known as 

Geographical Information System (GIS). GIS requires software, hardware, databases, 

procedures and skills from a person to manage the information. GIS can be used for various 

applications including geospatial data. The information is controlled using a combination of 

information systems operations involving planning, observation, collection, management and 

analysis of data to produce information that can be used in the decision-making process. 
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In this study, the mapping processes are divided into five major phases, which are 

interrelated from one phase to another. In order to clearly understand the mapping process for 

the availability of parking areas will describe all the phases in detail. The description of 

mapping process follows five (5) phases:  

• Phase One: Imagery Sensing from Google Earth for Digitizing the availability 

of parking area. 

• Phase Two: Identification of variable database inside the spatial and attribute 

table in GIS 

• Phase Three: Extracting the parking database from the attribute table and 

reclassifying it into two categories. 

• Phase Four: Export and Add the Query table for additional data. 

• Phase Five: Processing the distribution of general suitable parking sites map -

Availability of parking area. 

 

The overall mapping process in the methodology framework is illustrated in Figure 2. 
 

 

Figure 2. The overall mapping processes in the methodology framework. 

 
3.5 GIS Layers 

Layers in ArcGIS are collections of geographic data. Layers point to a data source, and if the 

data is spatially interpreted by ArcGIS Pro, the data’s properties and attributes specify how the 

layer draws on a map, scene, or layout. A layer’s data is represented by points, lines, shapes 

(polygons), or surfaces. The data is then visualized using symbols, text, graphics, and images. 

Most layers are one of the above types. Because GIS data varies in organization and complexity, 

there are many more types. For example, a group layer refers to a collection of layers. Some 

other common types of layers as provided in Table 2. In order to determine the number of 

existing parking lots in the study will be used spatial and attribute data to analyse the existing 

parking lots. The determination of the desired number of new parking lots can start with the 

modeling process.  
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Table 2. Common Type of Layers. 

No Type of Layer Layer Justification 

1 Query Layer Uses SQL queries to access and reference spatial and 

nonspatial database tables 

2 Selection Layer References a subset of features from an existing layer 

3 Subtype Layer Symbolized a subtype in a feature class or feature service as 

part of subtype group layer 

4 Voxel Layer A type of 3D grid-based layer for displaying spatiotemporal 

data 

5 Graphics Layer Represents geographic objects but does no reference a dataset 

 

  

4.  Results and Discussion 

 The results are analysed and presented according to the five (5) mapping processes.  

 

 Phase One: Imagery Sensing from Google Earth for Digitizing the availability of 

parking area. 

  The purpose of the first phase is mainly to define the availability area for parking lots 

in the study area. In the first phase of mapping, the number of existing parking areas should be 

identified. The number of existing parking sites helps to reduce the size of the study area for 

potential parking sites. The process of this phase consists of several steps. The results of the 

first phase will produce the available area for parking lots and presented in form of the imagery 

sensing from google earth as depicted in Figure 3. 

 

 

Figure 3. Imagery Sensing from Google Earth process. 

 

   

 

 

  Phase Two: Identification of variable database inside the spatial and attribute table 

in GIS 
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  The following GIS layers were developed in order to identify the attributes, entities and 

relationships of each variable, as tabulated in Table 3. Table 3 shows the collected database and 

the available parking spaces as a function from the selected data from the attribute table. 

Table 3.  Developed GIS layers. 

Bil Variables Variable Justification 

1 Lot ID The identification number of the lot for selected lot area 

2 Guna Tanah 1 The identification of land use 1st classes according to their types from GIS 

guideline 

3 Guna Tanah 2 The identification of land use 2nd classes according to their types from GIS 

guideline 

4 Guna Tanah 3 The identification of land use 3rd classes according to their types from GIS 

guideline 

5 Luas_h The area of parking lot in hectare 

6 Daerah_ID The unique ID for district identification 

7 PBT_ID The unique ID for local authority identification  

8 Jenis_TLK Identification of category of parking area (On-street parking and Off-street 

parking) 

9 Kategori_TLK Identification of parking status (In-Building or Off Building) 

 
   Phase Three: Extracting the parking database from the attribute table and 

reclassifying it into two categories.  

  In this phase, different criteria are considered in order to assess the future needs of 

parking facilities. This is due to different factors contributing to the need of the following two 

types of parking site (refer to Figure 4), either On-Street Parking or Off-Street Parking. 

 

Figure 4. Extracted of the parking database followed by their categories. 

 

 
 

  Phase Four: Export and Add the Query table for additional data (class and category 

TLK). 
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In Phase Four, the selected criteria for exporting process will be made by choosing the 

data from the attribute table. The process will include two selected criteria in attribute table 

with command of “Jenis_TLK” = ‘Off-Street ”Parking’ as classified by the MBPJ_Parking Lot 

layer (as displayed in Figure 5). 

 

 

Figure 5. The selected criteria for exporting process. 

  Phase Five: Processing the distribution of general, suitable parking sites map -

Availability of parking area in Smart Cities Concept. 

In Phase Five, the process of understanding different types of land use will be done in 

order to improve the urban conditions. Land can be used to create parking facilities in a more 

appropriate manner as land dimensions play important role in determining the best location for 

parking facilities, considering the number of cars, the level of commuting, and parking along 

the route centers of generation. If the land size is less than the limit for creating and constructing 

a parking facility or if the parking capacity is insufficient in accommodating the target capacity, 

the intended location is removed from the list of possible locations. As shown in Figure 6, the 

distribution map shows the categories and types of parking lots available. As shown in Figure 

6, the distribution map shows the categories and types of parking lots available. 

Smart parking monitoring systems provide car owners with information on available 

parking spaces. The management of the parking system has been improved for searching the 

available car parking spaces. The smart parking monitoring systems will indicate the available 

car park spaces using a monitor being placed at the entry point of the car park. Through image 

processing and CCTVs, this research detects the movement of cars in the parking system based 

on their registration numbers. Hence, the implementation of smart parking monitoring system 

using GIS is proposed, as the smart parking monitoring system can help to categorize and 

include the following types of parking: 

On-Street Parking 

Off-Street Parking 

Others 
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Figure 6. Distribution Map of Parking Availability by Categories. 

 

5. Discussion and Conclusion  

The issues pertaining to congestion that leads from dense population and higher number of 

registered vehicles at CBD may always become critical if no proper planning is taken by now. 

The issues can be tackled by ensuring comprehensive data is available for better planning. 

Congestion in the CBD, particularly when the public has difficulty finding the location to park 

their vehicles at their destination, becomes critical if they are not given advance information 

before starting their journey. In providing this information, comprehensive data is required by 

the Local Authority. Parking data should be readily available, including locations and their 

categories, occupancy (peak and off-peak times), etc. Detailed data can be very much easier to 

be monitored in the mapping or distribution maps. The definition of distribution maps for 

parking lot occupancy is critical in terms of convenience and traffic congestion. As a result of 

the developed GIS-based scheme for locating parking lots in urban areas, it might be possible 

to gain insight into traffic congestion issues as well as pedestrian safety issues. The maps 

created with this scheme could be updated and used for planning purposes and can be easily fit 

into smart parking monitoring systems dashboard. Similarly, the layout design of the needed 

parking facility produced by this process (Rashindra et al., 2023), can provide numerous 

benefits in terms of optimization of parking lot usage (occupancy vs time), safe cost and time, 

better planning for the city. To support smart parking monitoring systems, this study prepares 

the necessary platform and information using GIS tools. 
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