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Abstract−This research discusses the design and development of a digital transformation concept for a parking system in the 

context of smart city development in Makassar, Indonesia. This research was conducted in response to the problems of illegal 

parking and low accountability for parking revenues, which impact regional income and the quality of parking services. This 
research resulted in an information system in the form of an artifact model, developed using a Design Science Research (DSR) 

approach, including the stages of design, model building, demonstration, and conceptual evaluation of the artifact. The resulting 

model has not been implemented as an operational mobile application, but rather compiled as a conceptual and technical design 

that is validated through presentations and discussions with relevant stakeholders and potential users (the public) as part of the 
demonstration phase within the DSR framework. The research methods include needs analysis, system design, technology 

selection, system architecture design, and conceptual evaluation based on the Hevner Design Science Research methodology. 

The proposed system model uses the Model/View/ViewModel (MVVM) architecture and is designed to integrate with 

supporting services, including Firebase, the Google Maps API, and the Midtrans Payment Gateway. This artifact model serves 
as a basis and initial recommendation for the Makassar City Government in developing a tangible, operational digital parking 

application that can be implemented and tested in subsequent research or policy phases. The research results indicate that the 

proposed digital parking system model has the potential to increase transparency and accountability in parking management 

and support sustainable smart city planning, particularly in Makassar. 
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1. INTRODUCTION 

Makassar, one of the cities with a rapid growth rate of vehicle users [1], is faced with the problem of the availability 

of parking lots without an automation system. The Makassar City Regional Government has provided roadside 

parking available in several locations in the city of Makassar [2], for example, on the roadside as an effort to 

overcome the problem. However, this solution raises irresponsible individuals to use a new problem: the roadside 

parking location provided to collect illegal levies [3]. 

Illegal parking attendants have affected regional income derived from the implementation of roadside 

parking [4]. Data released by PD Parking shows a decrease in the percentage of revenue target realization from 

roadside parking management [5]. The decrease in the percentage can affect the income of the Greater Makassar 

Parking PD, which is expected to be one of the regional revenues that will support the development of 

infrastructure facilities in the city area [6]. In addition, the discrepancy between the target and the revenue 

realization can reduce public awareness of paying for parking at the Makassar Raya Parking PD when using the 

parking lot[7]. 

Smart City is an innovative breakthrough implemented by policymakers to overcome various problems and 

improve the quality of life of humans and local communities[8]. In line with this concept, the Makassar city 

government has also made a breakthrough through the presence of a smart city program with the vision of 

"Accelerating the Realization of Makassar as a World City that is "Sombere' and Smart City" with Strong City 

Immunity for All" since 2015 [9]. This program is oriented toward providing facilities to help people access public 

services more efficiently and comfortably[10]. The central government's policy to move the National Capital to 

the island of Kalimantan, which is also close to the city of Makassar, can improve the status of the economy and 

other aspects related to increasing industrial mobility[11]. This can be a stimulus in accelerating the 

implementation of smart cities in Makassar. 

The Makassar Smart City program can be implemented properly if various parties and/or activities on 

various lines run as they should, including parking management[12]. We are here to offer a solution in the form 

of a roadside parking system that is integrated with the application and can be accessed by parking users. This 

solution will be useful to minimize illegal parking on the roadside and the placement of vehicles to be more neatly 

arranged. Regional revenue accountability can be realized through digital parking levies[13]. The results of the 

parking levy carried out through the application can be directly channeled to the Greater Makassar Parking PD. 

PD Parking Makassar Raya can improve revenue management through an application that is part of the roadside 

parking system [14].   

The application of modern technology is undoubtedly very helpful in improving the ongoing roadside 

parking governance system. Through this parking system, it is hoped that the parties involved will find it easier to 

https://ejurnal.seminar-id.com/index.php/josh/
https://creativecommons.org/licenses/by/4.0/


Journal of Information System Research (JOSH) 
 Volume 7, No. 2, Januari 2026, pp 511−518 
 ISSN 2686-228X (media online) 
 https://ejurnal.seminar-id.com/index.php/josh/ 
DOI 10.47065/josh.v7i2.8590 

Copyright © 2026 The Author, Page 512  
This Journal is licensed under a Creative Commons Attribution 4.0 International License 

review conditions in the field and become an essential point in implementing an integrated parking system. The 

proposed concept and platform is an effort to improve accountability in better parking management[15].  

The Design Science Research (DSR) approach is highly appropriate for developing digital parking models 

in the Smart City context because, academically, it not only explains phenomena but also produces tangible 

artifacts in the form of models, systems, or prototypes that can be systematically tested and evaluated. In terms of 

contributing to information systems research, DSR enriches the literature by developing structured, design-based 

solutions that are relevant to local contexts and are empirically validated for system effectiveness, transparency, 

and accountability to digital parking system [16]. Meanwhile, from a practitioner's perspective, this approach 

provides applicable implementation guidance from identifying revenue leakage issues, designing data-driven 

systems, to digital monitoring mechanisms so that the resulting solutions do not stop at the conceptual level, but 

can actually be adopted by local governments in supporting efficient, transparent, and sustainable parking 

governance within the Smart City ecosystem [17]. 

Implementing the proposed digital parking system will help stakeholders manage roadside parking in 

Makassar. PD Parking Makassar Raya, a stakeholder who manages roadside parking in the city of Makassar, can 

use this system to improve parking services. Users will feel the same benefits because this digital parking system 

can make it easier for users in several aspects. Finding a parking lot, complete access to detailed parking lot 

information, and support for parking payments with various payment methods through mobile applications. An 

easily accessible and orderly parking location on the roadside will support collaboration between the Makassar 

City Transportation Office and the Makassar Raya Parking PD for joint parking lot management.  

2. RESEARCH METHODOLOGY 

The method used in this study is Design Science Research (DSR), proposed by Johannesson & Perjons (2014). 

This method offers a design framework as a guide in designing artifact models[18]. The framework allows the 

research team to associate each research stage with an existing knowledge base[19], thus supporting knowledge 

development cumulatively. Using the DSR framework, we obtained a more systematic framework to assist teams 

in choosing strategies and ensuring the integration of research with existing knowledge[20]. Based on the 

adaptation of the DSR framework, we have compiled five stages of research implementation, as shown in Figure 

1. 

 

Figure 1. Design Science Research Diagram Makassar Smart Parking 
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The development of a digital parking system is a series of processes designed from Phase 1 to Phase 5 to 

become later an effective, efficient, accountable, and functional system. The following are the steps taken in 

developing a digital parking system, namely MASSAPA' (Makassar Smart Parking) based on DSR. 

2.1 Phase 1 

The first phase is the Explicit Problem stage. The population in this study includes users of the Makassar Smart 

Parking (MASSAPA’) system: PD Parkir, the manager; parking attendants, as field operators; and the public, as 

parking service users. The research sample was determined purposively based on direct involvement in the 

operation and use of the system. Data collection techniques included in-depth interviews and field observations to 

obtain a comprehensive understanding of user needs, responses to the model, and the dynamics of system 

implementation in real-world conditions. In addition, data analysis related to the existing parking system is also 

carried out to understand the challenges faced. We also engage users by conducting surveys to explore their 

expectations and needs for the ideal parking system in the city [21]. 

2.2 Phase 2 

In the second phase, the researcher carefully designed the digital parking system after identifying the community's 

needs. Through a survey of government regulations and programs related to the parking system, we ensure that 

this design follows the applicable policies so that it can be implemented effectively in Makassar City. This design 

focuses on Makassar Smart City, launched by the Makassar City Government, and the digital parking system can 

contribute to the development of a more modern and integrated city. 

2.3 Phase 3 

In the third phase of the parking system artifact model development, the researcher designs the architecture and 

design of the system by involving various stakeholders and mapping an efficient business process flow. The user 

interface (UI) is designed to be more intuitive, allowing users to easily check-in, pay, and check parking 

availability. To ensure methodological consistency and clarity in the system development phase, the specific 

technologies used in this study are explicitly stated. The choice of technology, development platform, 

programming language, and QR code for check-in is crucial in implementing this digital system, including the use 

of Firebase as a real-time database and Midtrans as a payment gateway to support transaction transparency and 

security. We divide software development into separate modules. Then, this model is followed by integration 

testing to ensure smooth interaction between all components. In addition, the user interface with the parking 

management system and collaboration with stakeholders such as the Parking PD and the Makassar City 

Transportation Office are integrated for optimal supervision and management. 

2.4 Phase 4 

Before launching the model to the public, the Research Team analyzed the digital parking system’s functionality. 

Next, the Research Team presented prototypes to potential users through structured interviews, enabling them to 

identify potential problems and gather feedback on usability, functionality, and transparency. The Research Team 

then systematically analyzed this feedback and used it to refine the artifact in an iterative process between 

demonstration and redesign stages. Once refined, the Research Team socialized artifacts using the Makassar Smart 

Parking application model to the public before the final evaluation. 

2.5 Phase 5 

The artifact model was evaluated by assessing the extent to which the Artefact model met expectations and the 

extent to which this model was able to solve parking problems in Makassar City. The evaluation process was 

conducted to test the effectiveness, reliability, and feasibility of implementing the developed model before 

recommending it as a policy basis. The evaluation was conducted through a Focus Group Discussion (FGD) 

involving stakeholders from PD Parkir and the Makassar City Transportation Agency, and supported by a limited 

trial at one parking location in Makassar City to assess the system's performance under real-world operational 

conditions. 

3. RESULT AND DISCUSSION 

This Section presents the results of the artifact development in the form of a digital-based parking system model 

designed using the Design Science Research Methodology (DSRM) framework. The discussion not only explains 

the system components built but also describes how the model is integrated operationally, technically, and 

institutionally within a Smart City. To provide a systematic understanding, the results and discussion are divided 

into five main aspects, namely business processes, system architecture, governance and regulations, a digital-based 

parking management artifact model, and a data management and accountability model. These five sub-chapters 

show how the developed artifact not only functions technically, but also aligns with the operational needs, policies, 

and transparency of parking management in Makassar City. 
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3.1 Business Process  

 

Figure 2. Business Process on the Check-In and Check-Out Features of MASSAPA'  

Figure 2 shows the flow of the parking lot business process. The user plays the role of an object who will 

use the application to rent a parking lot. Users scan the QR code and fill in the data for parking space 

reservations. Then, the Makassar Raya Parking PD will receive a message sent through the user application, 

which is automatically confirmed by the system. Users must complete the transaction to use the parking lot. 

 

Figure 3. Business Process of Reporting Feature on MASSAPA' 

Figure 3 shows the flow of business processes when users report an incident in the parking lot. The user 

plays the role of a reporter who will fill in data about the incident. The Makassar Raya Parking PD will receive 

the report and then verify it. The Makassar Raya Parking PD Rapid Reaction Team will respond to public 

reports, and the Transportation Department will monitor the reported incident. 

3.2 System Architecture 

The architectural pattern adopted in MASSAPA's application development context is Model/View/ViewModel 

(MVVM). In a publication titled "A Comparison of Android Native App Architecture: MVC, MVP, and MVVM," 

it was argued that the MVVM architecture can efficiently separate tasks between developers and designers[22]. 

MVVM has advantages in terms of performance compared to the MVC architectural pattern. MVVM is an 

architecture that combines three core components: View, Viewmodel, and Model. The "view" component acts as 

the application's user interface (UI). The Model represents the information or business logic underlying the 

application. Between the two, the "viewmodel" is an intermediary tasked with transforming information and 

expressing accessible communication between the Model and the View. 
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Figure 4. MVVM Architecture Structure 

The development of the MASSAPA' application is carried out using the Flutter framework, a tool that 

utilizes the Google Dart programming language. The use of Flutter to support the creation of modern user 

interfaces is considered very suitable for applying the MVVM architectural pattern. Additionally, Flutter offers 

flexibility in multiplatform app development, significantly simplifying the app development process. MASSAPA' 

app system is connected to the central database stored in Firebase. The Firebase API serves as a link between the 

MASSAPA' application and the cloud-based information system service. In this context, Firebase not only acts as 

a store of information but also functions in the authentication process of the MASSAPA’ app user account. 

In addition to Firebase, Artefact MASSAPA' also integrates an API service from Google, namely the 

Google Maps API. Mapping-related features can be available in the MASSAPA' application through system 

integration with Google Maps API. Thus, users can easily access the necessary position data. In addition, to support 

digital payment transactions, the MASSAPA' application is also integrated with the Midtrans Payment Gateway 

service. Integration with Midtrans API allows users to make online payments conveniently and effectively. This 

API service serves as a link between the MASSAPA' application and the Midtrans digital payment system. 

Communication between the Makassar City Parking PD and users in one direction can be realized by integrating 

Twilio with the application, which can send transaction messages, socialization broadcasts, and OTPs through the 

messaging application. 

 

Figure 5. MASSAPA’ Application System Diagram 

The admin dashboard application is created in the form of a local website. This application can display 

reports or feedback from the community and data and infographics from all parking lots in Makassar. This 

application uses React library technology to improve its performance. The React Library is a JavaScript library 

used to build a website's user interface (UI). This tool allows developers to create UI components that can be set 

separately and changed without recreating the entire page. React uses the concept of components, where each UI 

part is broken down into components that can be set separately. React also implements virtual DOM and allows 

for efficient UI updates by minimizing direct interaction with the actual DOM. 

3.3 Management and Regulation 

Regulations for Parking Facilities have been explained in PP No. 43 Tahun 1993. Chapter 7 of sections 47-50 

explains in detail what is meant by parking facilities for the public, how to determine/determine the location, and 

the implementation of parking facilities for the public. Then, this regulation explains the levy, which is a fee that 

the community must pay for services obtained from the government and parking, including the object of the levy. 

Undang-Undang No. 28 Tahun 2009 chapter 110 stated that parking is included in the public service levy, which 

is then further explained in section 115, that the object of the parking service levy on the side of public roads is 

the provision of parking services determined by the Regional Government[23].   
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Figure 6. Makassar Raya Parking PD Office 

The City of Makassar regulates parking management through Peraturan Daerah No. 17 Tahun 2006. This 

regulation determines the parking location carried out based on the proposal of the Board of Directors of the 

Greater Makassar Parking PD. The Makassar Raya Parking PD can organize parking lots, including setting levy 

fees. The quick reaction team at the Parking PD plays an essential role in ensuring smooth operations and parking 

services. They respond to emergencies and technical problems through reports received through the application 

and monitor parking areas using CCTV. In addition, this team is also responsible for maintaining equipment and 

infrastructure, conducting periodic inspections, and immediately taking corrective action if there are any technical 

problems. Thus, the rapid response team functions in incident handling and proactively maintains the quality of 

parking services. 

 

Figure 7. System Workflow 

3.4 Digital-Based Parking Management Artifact Model 

The designed parking management system integrates technology, including mobile devices and monitoring 

through CCTV. QR codes can be used for the scanning process by users when using the parking lot, as well as to 

report incidents at the parking lot. The mobile application we developed is designed to be easy to use and can be 

downloaded for free by users. The app provides real-time information regarding the availability of parking spaces 

in different city areas, including available parking listings, rental price information, and parking locations. In 

addition, users can report incidents at parking locations managed by PD Parking Makassar Raya. The app also 

supports digital payments, which contributes to the city government's revenue management accountability from 

parking levies. This application will help users utilize parking lots and have more accessible access through the 

information provided in the application. 
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(a) (b) (c) (d) 

Figure 8. Page view, (a) splash scene, (b) application homepage, (d) scan-in feature, (d) payment feature 

The artifact provides a scan-in feature for users before using the parking lot. Payment can be made through 

the application using various methods per the provisions of the Makassar Raya Parking PD. Additionally, these 

artifacts have been integrated with navigation services, so users can see parking locations around them and get 

direct directions to those parking spaces. Integration with the map application will make it easier for users to find 

parking lots to save time. The navigation also helps managers regulate parking lots and maintain order for users in 

parking their vehicles. 

3.5 Data Management and Accountability Model 

Data on parking availability, use, reporting, and transactions will be collected and submitted to relevant agencies 

for follow-up. Reports of suspicious incidents at the parking location will be forwarded to the Transportation 

Department, responsible for policing the roadside parking area. In addition, the Makassar Raya Parking PD can 

directly report the income from payments received by the community to the Makassar City Government. 

 

Figure 9. Admin dashboard view to monitor revenue and system accountability 

MASSAPA’ model application is a system integration model developed based on the Design Science 

Research Methodology (DSRM) framework. This model is designed as a systematic conceptualization of solutions 

before they are realized in operational applications. Therefore, before the application development stage, a 

validation process and approval from relevant stakeholders are required to ensure the proposed system design 

aligns with institutional needs, regulations, and field conditions. This approach aims to ensure that the application 

to be developed is truly relevant and implementable, and does not become an unused solution (an underutilized 

system), thereby providing practical value and sustainability in the context of Smart City in Makassar City. 

4. CONCLUSION 

The development of the Makassar Smart Parking (MASSAPA) application model, based on the Design Science 

Research Methodology, is part of the digital transformation and a strategic step toward addressing illegal parking 

and increasing accountability for parking revenue in Makassar. Based on the results of demonstrations, FGDs with 

stakeholders, and limited trials (pilot tests) during observations and interviews, this system is considered proven 

to operate functionally, facilitate a faster digital check-in process compared to manual mechanisms, and increase 

transparency in real-time transaction recording. Support for technology integration, such as Firebase, Google Maps 

API, Midtrans Payment Gateway, and Twilio Messaging Gateway, helps maintain system stability and 

connectivity among services in a Smart City environment. However, the developed artifact still has room for 

improvement, particularly in the development of AI-based predictive analytics for parking occupancy estimation, 

expanding implementation to more parking zones, and further integration with the city's smart transportation 
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system. Thus, MASSAPA' is not only conceptually feasible but has also been operationally tested as an initial 

model that can be further developed to support the Makassar Smart City ecosystem. It is hoped that Makassar City 

Government stakeholders, through PD Parkir, can implement this Model into an Application in the Makassar City 

parking system. 
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