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ABSTRACT: In developing cities such as in Jakarta, there
are a lot of vehicle parking locations that still use
conventional methods, which can harm drivers and also
parking area owners alike, the process is slow and unsafe,
making many people around feel afraid to use parking
locations that are still conventional, the conventional
parking lots in Jakarta is too many, sometimes also make
people have no other choice but to use unsecured parking
lots, theft is the main factor that is difficult to avoid,
especially in developing countries like Indonesia, which
are not safe, and the location of the parking lot that is
very open, makes a lot of opportunities which of course
can be used by thieves or irresponsible people. Not only
thieves, drivers who do not want to pay for parking, are
also a problem for owners of parking lots. With the
problems of these users, we plan to make modular
parking applications that can be installed easily and
cheaply, but because our group is not so large, there are
several challenges that we face, such as time and
requirements that can increase later, with thus we plan to
make this parking application using the Extreme
Programming method, which is possible and very suitable
for the problems that our group is facing. The use of
Extreme Programming turned out to be very helpful, and
can also produce an application that matches the existing
user stories.
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1. Introduction
Parking lots in most cities in developing countries use
manual systems that use human power to record data in
and out of parking, and receive parking payments. Parking
systems are a major requirement in various places such
as buildings, malls, etc. Parking lots is one of the important
things in urban areas in developing countries, both in local
and strategic planning [1]. Cities around the world are
also struggling to revitalize parking spaces in their city
center, especially those that use roadside as parking lots
[2]. In general, parking systems are always
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underestimated and not so important, and are only
managed manually or rearranged when problems arise
[3]. But in fact, a good parking system in a parking lot will
increase the safety of the vehicle, and the overall progress
of parking in a parking lot in an urban area.
The traditional parking process, still using paper and a
parking guard who is tasked to record the entry and exit
of vehicles and receive payments, on large parking lots,
the need for a parking guard will increase, and security in
the parking lot is reduced. Conventional parking systems
are very dependent on human relations with parking lots
and drivers directly from the beginning of the process.
This method causes waste of human power if the parking
lot is very wide. This parking lot relies on the Human to
Human Interaction (HHI) in the entire parking process
which is inefficient and slow [4]. Roadside parking can
only meet a small portion of the overall parking demand,
and as a result, regulations on roadside parking are highly
regulated by the government so that drivers prefer the
location or parking zone provided by local zoning
procedures, which are isolated, all or in part, and much
safer [5]. As stated by Greg Masdren. Therefore, the
presence of many parking lots seems to have a close
relationship with the increase in private vehicle ownership
and use [6].
The slowness of the conventional parking process provides
some of the adverse effects that can be caused by it, the
safety of the parked vehicle is one of the adverse impacts
of the conventional parking process, on large conventional
parking lots. Conventional parking systems do not have a
system that can monitor the parking and parking lots are
monitored by a limited number of security guards [7]. The
availability of a good parking lot can also be one of the
factors that influence the decision to drive when we know
the availability of parking space at the place we are going
to [8]. In general, people will find out in advance the
condition of the parking lot somewhere before deciding to
use a private vehicle, with the reason that it is not bothered
by a parking system that is not good and unsafe, or the
unavailability of parking spaces that can be used. Then,
in the conventional parking method, everyone is required
to pay for parking, no matter how often the person uses
the parking lot or not, it will be very detrimental to the
workers who desperately need the parking lot. The study,
created by Daniel Baldwin Hess, describes the effect of
parking costs on influencing travel behavior by employees
to park at work. Research finds that employees are more
likely to drive using private vehicles that are more
comfortable when going to work when parking costs are
cheaper or free [9].
The creation of a new parking system allows a parking lot
to improve the security, provide vehicle reports and cash
income in the selected period, and also has a member
parking feature that will reduce the burden on drivers who
often use parking space for a long duration. Many cities
in several countries, nowadays, use roads, or parking lots
that are free or underpriced [10], which can cause problems
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if applied continuously, for example, the use of parking
spaces on the side of the road can hamper the net traffic
in the area, and parking locations that are free or too
cheap, do not have many guards and consequently
security is a major problem. Technological progress is a
positive thing that we are experiencing right now and this
has brought about a considerable change in the traditional
parking system [11] because it provides a good solution
in terms of parking that can be used by many parking
locations who need it, and also parking software that will
greatly help monitor the use of parking lots, and the income
earned from the parking lot. It is undeniable, that the parking
lot is now like a business area itself, the lack of parking
lots, especially parking lots that have a good and safe
system, are also a major problem. The existence of a
parking location is very important, especially when
someone uses a vehicle to travel to a work location or
entertainment location, and they do not use drivers who
can drop them and leave them to be picked up later [5]
but on this topic we will not discussing the lack of parking
locations, we only provide solutions to parking locations
that still use traditional methods.
Research that has been done in Europe results in the
incidence of theft of goods on vehicles or vehicles itself
usually occur in unsafe parking areas [12], [13]. From the
statement, the driver will later avoid the use of parking
locations that are not safe or do not have a system, and
prefer to use a safer parking location, even if they are
charged more. Security is one of the main goals of this
parking system, parking locations that will use our system,
must be closed, and only have an entrance or exit which
is limited by an automatic electronic board that prevents
the driver from leaving illegally, so as to reduce criminal
crime, or for drivers who want to cheat on the system.
Parking lot is only a land that are use by vehicles, the
number of parking slots in a parking area and the
configuration is very much related to the value of land in
the area, the size of the economy owned by the landowner
and the most important is the availability of technological
support in the parking area [6]. Drivers can use any vehicle
ranging from motorcycles, cars and trucks. this system
provides benefits in time and pricing issues, users use
less time to enter / exit the parking area [14] because of
the new parking system that drivers use.
In designing this parking program we use the SDLC
method which we think is the most suitable for the size of
the team, and the project that we will work on, the agile
methodology has a very important impact on the
development of a system or program in recent years,
especially this parking program [15].
In this project we use Extreme Programming, Extreme
Programming is a software development methodology that
is useful for improving the quality of software that is being
created and quickly incorporating new needs from
customers [16]. The commonly used software
methodologies such as Waterfall, Vee-Method, and
Rational Unified Process (RUP) are traditional or oldVolume 16 Number 6
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fashioned software development methods and now
Extreme Programming has been classified as a top-class
methodology [17]. Therefore, we use the Extreme
Programming method to develop this parking system.
Based on this idea, we will create a secure parking
application, and have information and features that are
easy to use and certainly useful for parking lots that still
use traditional methods, we will explain the development
in this parking system, using the Extreme Programming
methodology, the author also will provide the planning
stages that we have done, and the results of what has
been done.
2. Literature Review
2.1 Parking System
Parking systems are needed especially in large cities
that are densely populated and many people who use
private vehicles, problems that arise due to poor parking
systems, will have a very bad impact on the city. Parking
is a condition where the vehicle is at a stationary point
without the driver, and is placed in a vehicle storage area
or called a parking lot [5]. There are many different parking
systems in the world, in this parking system, we are
looking for ways to make parking systems that are easy
to use and will be implemented in parking areas in Jakarta
that are still not computerized.
2.2 Software Development Life Cycle
Software Development Life Cycle (SDLC) is used with the
aim of producing a quality system that meets user
requirements, making work more effective and efficient at
the development stage of an information system project.
The software development methodology that is almost
used by all IT companies in the world is the Software
Development Lifecycle. Waterfall Method, spiral method,
incremental method, rational unified process (RUP), rapid
application development (RAD), agile software
development, and rapid prototyping are some of the SDLC
methods which have been successful and tested [18]. In
the IT and Software industries, projects with various sizes
and weights are developed using many principles and
approaches in software design. The use of SDLC is used
for the development of software projects with different and
regular development phases such as analysis phase,
design phase, programming phase, testing phase and
maintenance phase at the end of the project [19]. Selecting
the right SDLC method can affect the performance of the
team and also the time used in developing a software.
2.3 Extreme Programming
Extreme Programming is one of the most popular Agile
Process Model. Extreme Programming has proven to be
very successful in many companies of various sizes and
industries throughout the world. Extreme Programming
emphasizes teamwork. Extreme Programming
implements a work environment that is simple but effective
and allows the team to be very productive in project
execution. Extreme Programming is made to overcome
Journal of Digital Information Management

uncertainty in the development of a project and emphasizes
more on social relationships between teams and users or
clients. Extreme Programming is also formed to reduce
risks to the project because of its dynamic work processes
and increase the likelihood of success on the project [20].
Extreme programming also has four stages that must be
passed when starting and working on a project, namely:
Coding, Testing, Listening, Designing, and starting again
from the coding stage, until finally doing a small release
(increment) or full release.
3. Research Methodology
Extreme Programming is an SDLC model included in the
agile method introduced by Kent Beck. According to Kent
Beck “Extreme Programming (XP) is a method of software
development that is fast, efficient, low risk, flexible,
predictable, scientific, and fun.”. Extreme Programming
has a focus on situations involving small teams. The
majority of Extreme Programming requires team work,
for example asking other people or partners or other team
members to review your code [21][21]. Extreme
Programming tends to use an Object-Oriented approach.
The stages that must be passed include: Planning, Design,
Coding, and Testing. Extreme Programming is designed
to complete the project in accordance with the
Requirements but has a small to medium work team.
Extreme Programming is the most widely used agile
method and is a very well-known approach. Extreme
Programming is based on five values that must be
possessed in the work environment as well as team
members [16]:

• Simplicity, Making things as simple as possible but
still in accordance with the user requirements that have
been set, don’t overdo it.

• Communication, The relationship between
communication between the team and the end user or
client is needed to achieve the goals according to their
needs.

• Feedback, For customer satisfaction, the involvement
of users or customers in the execution of the project is
needed for the smooth running of the project.

• Respect, All team members must be able to respect
themselves, others, and also the projects that are done.

• Bravery, Developers must have the courage and
confidence to bring quality results.
Extreme programming is made to handle changes that
usually occur during software development, take a look
at Figure 1, XP Development Life Cycle. In addition,
Extreme Programming is also made to overcome various
requirements that are not clear from the user or client. As
a methodology for developing software, Extreme
Programming certainly has a life cycle. The life cycle of
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Figure 1. XP Development Life Cycle [22]
extreme programming has five phases, namely:

tools used in object oriented software design.

• Exploration Phase

• Coding, Extreme Programming recommends that two
people work together on a workstation computer to create
code from one story (pair programming), to provide real
time problem solving and guarantee real time quality. After
pair programming is complete, the code is integrated with
other work (continuous integration).

• Planning Phase
• Iteration to Release Phase
• Productionizing phase
• Maintenance Phase
Extreme Programming in its use, has several stages in
developing a software, this stage is the main backbone
that makes Extreme Programming. Stages in Etreme
Programming, namely:
• Planning, Planning activities begin by forming user
stories. The XP team member then assesses each story
and determines the cost and is measured in the
development week.
The customer and team work together to decide how the
next story group for release (the next software increment)
will be built by the team. If the commitment has been
made, the team will build the stories by:

• Testing, Unit tests that have been made must be
implemented using a framework and arranged into
universal testing suites, system integration and validation
can be done every day. Customer test (acceptance test)
is performed by the customer and focuses on the overall
features and functional systems. Acceptance tests are
obtained from customer stories that have been
implemented as part of software release.
In object oriented development within Extreme
Programming, we can use CRC to design the framework
on Extreme Programming, CRC or Class - Responsibility
- Collaboration are brainstorming tools used in object
oriented software design [22]. See Figure 2, Class
Responsibilities Collaborator.

All stories are implemented immediately (in a few weeks)
1. Story with the highest value will be removed from the
schedule and implemented first.
2. Stories with the highest risk will be implemented first.
After the first project was released and received, XP team
calculated the speed of the project. During development,
customers can add stories, change values, divide stories
or delete them.
• Design, Extreme Programming uses a CRC card, to
recognize and manage object oriented classes that
correspond to software increments. CRC cards or called
Class - Responsibility - Collaboration are brainstorming
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Figure 2. Class Responsibilities Collaborator
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4. Proposed Parking Application
With the problems discussed in the previous introduction,
we provide solutions to conventional parking owners, by
making parking applications that are easily implemented
in conventional parking areas or vacant land in Jakarta,
although there are several requirements that will be needed,
but by implementing this parking application, it will provide
security in the parking lot, ease in the parking process,
take care and check vehicle data or report cash income
generated by parking lots. This application was developed
using Visual Basic, and has an easy-to-use user interface
that is understandable and easy to use by employees in
parking lots.

Figure 3. Proposed Parking Application Use Case

The use case of this application, see Figure 3, Proposed
Parking Application Use Case, is also not complicated,
in the implementation later, there will be four actors who
have their respective roles, the employee unit is divided
into two people, namely admin and also the counter keeper
who will check whether the vehicle and the tickets used
to exit the parking area is in accordance with when the
driver enters the parking area, it requires human verification
because it is a security problem that is better not done
by the engine, here Admin acts as a person who is in
charge of checking parking data, member data, and also
cash income reports that have been get, Admin is also in
charge of helping a Member and Non-Member who wants
to register or extend the validity period of the membership
in the parking area. A Non-Member who often uses parking
lots will be given the ability to make himself a member
with the requirement to pay a monthly fee paid to the
Admin, and later the Admin will provide a Member sign
card parking in that area which can be used to enter and
leave the parking area for free.
There is a very significant difference from the old parking
process and the parking process using this application,
the difference is seen in the process of entering and also
leaving the parking area, where conventional parking is
still very dependent on the parking lot guards who guard
the area. There are times when the parking lot is wide
enough, the number of workers in the parking lot will not
be enough, and can have an impact on “ineffective
employee management”. Reports using the writing system
that is applied by employees are also prone to fraud and
invalid data, which will certainly harm the parking lot owner.
Here are the significant differences between the two
parking processes, take a look at Figure 4, Difference
Between Old Parking Method and New Proposed Method.

Figure 4. Difference Between Old Parking Method and New Proposed Method
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5. How Security Will Be Better Using Proposed
Parking Application
Security is the most important thing in parking lots, losses
due to lack of security can affect the driver and also the
owner of the parking lot itself. Thus, our parking application
emphasizes security to avoid theft of vehicles, and also
drivers who do not carry out their obligations to pay for
the parking service. The vehicle thieves, usually using
two factors that support him in carrying out criminal actions,
namely the location that supports and also the lack of
protection in the area [13]. Making a closed parking area
and checking parking data in the parking exit, will make a
vehicle thief cannot bring a vehicle that is not his from the
parking area. But there are some things that must be
added for the sake of more security in parking lots, such
as: CCTV cameras in every corner of the parking lot, and
also guards who monitor the parking lot 24/7, even though
the two things are not mandatory, but it is better if the
parking owners can provide extra security which will have
a good impact on the parking lot itself.
In the old system, drivers can search for gaps out of the
parking lot without having to pay for parking, because
parking area guards are not likely to be in the area for 24
hours, so there are some gaps that can be used by drivers
which ultimately harm the parking lot owner. We cannot
prevent cheating on employees and parking users, but
we can limit it by having a new parking system that is
safer and minimizes fraud. In the new system, drivers
and employees are faced with the use of applications that
are connected to the database so that employees cannot
manipulate data from parked vehicles and also parking
users cannot get out without paying their obligations.
6. Parking Area Prerequisite
Making this parking application, will not be able to run
perfectly without the requirement that must be used so
that the system can run properly, there are some
requirement that are essential prerequisites, for the sake
of running a new system in the parking lot that want to be
changed, the prerequisites are, namely:
1. Parking Gates
The parking gates are used in the entrance and exit to
the parking area, this gate are useful for holding drivers
who want to enter or leave the parking area without taking
a ticket or paying on the exit, the parking gate at the
entrance, will automatically open after the driver has placed
the card or pressed button to get a parking ticket
2. Exit Parking Booth
In the parking exit, there must be an officer who helps the
driver when he wants to get out of the parking area, the
officer will stay inside the booth while waiting for the driver
who wants to leave, this officer will receive payment and
also open the exit gate for drivers who have paid or using
the member card after using the parking lot.
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3. Admin Office
For drivers who wish to register as parking members, the
driver must go to the Admin Office located near the parking
lot, and request a member card to be made as a sign that
the driver does not have to pay a parking fee within the
specified time period.

Figure 5. Parking Area Sample With All Prerequisite Applied
But its not limited by only those three prerequisite, there
are also other thing, such as: a computer for admin and
on the exit gate booth, computer server, and card reader.
The use of these prerequisites is only need to be prepared
at the beginning of the installation of the new parking
systems. To see more clearly how the parking area will
look with all the prerequisites, can be seen in Figure 5,
Parking Area Sample With All Prerequisite Applied.
The Figure 5, Parking Area Sample With All Prerequisite
Applied, is just a small example of how to use these three
prerequisites when implemented. This system can be
expanded to accommodate the increasing number of
parking vehicles by adding or expanding parking lots later
[7]. So that the entire parking area can be more modular.
7. Strategy of Developing Parking Application with
Extreme Programming
We are a group of four people, of which the scale is very
small compared to the project done, thus we use Extreme
Programming, here are the stages that our group is doing
together so that the creation of this application can be
completed:
7.1 Planning Phase
In the planning phase, at first we are going to create user
stories, and determine the requirements needed based
on the user stories, we did our planning of creating the
Volume 16 Number 6
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entire system, we also plan our testing phase, and how
we should launch the test which uses the User
Acceptance Testing method. We do stories creation which
will determine which feature will be chosen and be
implemented first. From the vast ranges of available user
stories, we create a process based on the core value of
Extreme Programming, which is simplicity, we chose the
most important user stories first and create a list of
requirements based of those user stories, these are the
user stories which we have chosen, look at Figure. 6,
Selected User Stories.

using User Acceptance Testing, the use of User
Acceptance Testing must be in accordance with some
problems and requirements obtained from the planning
stage with user stories. The results of the testing phase
are reported to the User Acceptance Testing Report whose
results can be summed up into two tables.
Take a look at Table 1, Defect Analysis, In defect analysis,
this report shows the number of bugs that are resolved or
closed at each level of severity, and how they are resolved,
or not resolved at all, this defect report is needed to see

Figure 6. Selected User Stories
7.2 Design Phase
In the design phase we created the CRC cards or called
Class - Responsibility - Collaboration, which will greatly
help our group focus on the objects that will be developed,
there are some CRC cards that we created and one of
them belongs to the Admin, which can be seen in Figure
3, Class Responsibilities Collaborator. After creating the
CRC, we started making wireframe, our group of four
people was divided into two groups first, namely the
wireframe maker group and also the design, and the group
for development with the pair programming method, the
group division was used to minimize the time wasted due
to team members waiting for each other to complete the
work, thus, each CRC card that has been created, is
continued by making a display that has a correlation with
the CRC card, and is immediately given to the team
development to be made together with pair programming.
7.3 Coding or Development Phase
It turns out that the coding phase has a longer time than
the design phase, after the design phase is complete,
the two people who are in the design team become a
team that does development or coding, but everyone still
does it together to run it in pair programming, which the
uses of Pair programming in Extreme Programming is
expected to minimize errors and bugs in the testing phase
or later phases (Sharma & Hasteer, 2016). The application
was made by using Visual Basic programming language,
developed by using Visual Studio 2013, and used
Microsoft Access database that aims to make the
database more accessible to the parking lot owner later.
7.4 Testing Phase
Testing phase is done to find out the errors and bugs that
occur in the application, the testing phase is done by
Journal of Digital Information Management

how the bugs and errors found during the testing phase.
Resolution Not Severe Quite Severe Severe Sub Total
By Design

0

0

0

0

By Code

1

2

1

4

Postponed

0

0

0

0

Error

0

0

0

0

Total

1

2

1

4

Table 1. Defect Analysis
Take a look at Table 2, Test Case Analysis, In Test Case
Analysis, this report shows the number of test cases that
have passed, failed, or have not been tested, this report
is needed to see how far the application performance has
been made and how many failures were found and have
not been corrected during the testing phase.
7.5 Release and Implementation
After the testing and creation phase is complete, the
application will be released and given to the parking lot
owner incrementally, while accommodating and using
other user stories to improve and continue to develop this
application to be better when used in the field, according
to user stories and requirements in the future which will
come. The results of the application are in the form of a
file that can be executed and run on the desktop that is
owned by the Admin or the gate keeper later, and integrated
with various tools that are the prerequisites that we have
mentioned before. The application that has been created
can be seen as follows, see Figure 7, Parking Application
Main Screen.
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Section

Test Case

Login

4

Main Menu

Not Tested

Fail

Pass

0

0

4

10

0

0

10

Parking Entry

3

0

0

3

Parking Entry Member

6

0

0

6

Parking Entry Non-Member

5

0

1

4

Parking Exit

3

0

0

3

Parking Exit Member

6

0

0

6

Parking Exit Non-Member

55

0

0

5

Membership Registration

11

0

2

9

Membership Validity Period Extend

6

0

0

6

Parking Data Check

29

0

0

29

Parking Member Check

14

0

1

13

Parking Income Cash Flow

7

0

0

7

Total

109

0

4

105

Table 2. Test Case Analysis

Figure 7. Parking Application Main Screen

Figure 8. Parking Ticket, Parking Receipt, and Membership Re-Subscribe Invoice
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As can be seen in Figure 7, Parking Application Main
Screen, are some of the main displays of the parking
application that we made, the application has a variety of
functions that have been created in such a way that is
easy to operate by the Admin or the parking booth guard.
In addition to the appearance of the application, there are
also several displays of the ticket issued by the
application, see Figure 8, Parking Ticket, Parking Receipt,
and Membership Re-Subscribe Invoice.
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