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Abstract

:

The goal of this paper is to propose a smart airport solution, which is customer-oriented and suitable for an airport at the beginning of the process of digitization. Such a solution is represented by a mobile application, which allows the airport to provide its customers with basic information faster, more efficiently, in a simpler manner, and without the need for face-to-face interaction. The data collected through a smart airport mobile application can be used in conjunction with other technologies or systems for predictive modeling and analysis. The main benefit of the paper is the primary research aimed at the identification of customer requirements for a specific airport from the perspective of services and functions that the mobile application should offer. Subsequently, based on the analysis, a proposal for an airport application for mobile devices is developed through UX and UI design. The design consists of six successive phases and results in the development of an interactive prototype of the required mobile application. In addition, the paper discusses how the data collected through a smart airport mobile application can potentially be used in conjunction with other technologies or systems for predictive modeling and analysis.
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1. Introduction


The potential of digital technologies has recently been fully realized in the transport sector. It turns out that innovations focused on digitization allow companies in the environment of airport operations to be able to continuously increase the efficiency of all processes, minimize operating costs, and maximize profit [1]. Many airports in the world have already fully transformed their way of doing business and started to focus on the most important part of their activities, i.e., their customers [2]. By integrating customer-oriented smart solutions, airports are able to increase safety and security as well as customer satisfaction [3]. Digital technologies have great potential in predictive modeling and analysis for airports. Airports are complex systems with multiple stakeholders, including airlines, passengers, airport authorities, and ground handling services, and they generate a vast amount of data that can be analyzed to improve efficiency and enhance the passenger experience [4]. One area where digital technologies can be particularly valuable is in predicting passenger flow. By analyzing data from security checkpoints, check-in counters, and boarding gates, predictive models can be developed to anticipate passenger traffic and optimize staffing levels and resource allocation, reducing wait times and increasing overall efficiency [5].



In many publications, four waves of airport digitization are defined: Airport 1.0, where all processes are performed manually; Airport 2.0, where some processes are automated to reduce costs; Airport 3.0, where the processes are fully automated; and Airport 4.0, where airport systems are fully integrated into the airport ecosystem [1,6,7,8].



Smart airport or Airport 4.0 is an airport that fully utilizes the advantages of emerging technologies, such as the internet of things (IoT), big data, or mobile applications for smarter use of the infrastructure and improvement of customer experience [9]. The goal of smart airport is to modernize, attract traffic, increase operational efficiency, and improve customer experience [10].



There are several assumptions for the development and implementation of smart airports. The assumptions depend on the specific airport and the goals that this airport wants to achieve. The most common assumptions include connectivity, technology integration, data availability and quality, stakeholder collaboration, privacy and security, return on investment, and regulatory compliance. Smart airports usually require a reliable and stable network infrastructure, new technologies, ensuring cyber security and compliance with regulatory requirements in order to guarantee legality and ethics in the development of smart airports [10,11].



Smart technologies for smart airport management can be divided into two categories: smart technologies for passenger experience and intelligent technologies for operation management systems [12].



The first category focuses on providing intelligent mobility and intelligent self-service systems; this may, for example, include informing passengers via flight information displays, and self-check-in systems throughout the journey, from check-in to boarding the plane [13]. The deployment of intelligent technologies for intelligent airport management systems as a customer service helps to improve legacy systems, processes, and system architectures to increase the operational efficiency of the airport [14]. IoT represents all devices that are connected to the internet to share data with other devices, such as IoT applications, connected devices, industrial machines, and others. IoT is revolutionizing multi-sector application of technologies that provide real-time big data analytics, machine learning, sensors, and embedded systems [15]. For example, in the aviation sector, digital chat boards can be deployed in check-in, departure and arrival lounges to provide relevant flight and navigation information in the terminal [16].



There are many rankings that evaluate smart airports and their technologies, services, and efficiency. Among the most well-known rating rankings are Skytrax World Airport Awards, ACI ASQ Awards, IATA Fast Travel Awards, and Smart airport index. Skytrax annually evaluates technology developments, services and airport customer experiences based on surveys and passenger feedback [17]. ACI annually evaluates the overall satisfaction of passengers in the context of intelligent solutions and technologies [18]. IATA awards the airports that provide a high level of self-service and technology [19]. The Smart Airport Index evaluates airports based on various indicators, such as technological infrastructure, use of IoT, automation of processes, and improvement of customer experience [20]. Despite the fact that the ranking lists of smart airports have different criteria, they all included Changi Airport in Singapore, Schiphol Airport in the Netherlands, Heathrow Airport in the United Kingdom, and Dubai International Airport in the United Arab Emirates among the best smart airports for 2021. The best-known and most frequently used smart solutions at smart airports include smart check-in, biometric services, self-boarding, RFID luggage tags, automated baggage tagging, smart parking, and a mobile application [21]. The digital transformation of airports is an example of the adoption of technologies that provide airports, industry partners, and other stakeholders with a wide range of opportunities to innovate the passenger journey [7].



Mobile devices and applications provide their users with significant benefits, including portability, location awareness, and accessibility [22]. Lower prices and improvements in hardware and software capabilities, especially smartphones, have led to a significant expansion of mobile and related markets [8]. The growing number of mobile applications in the market motivates designers to develop top quality applications to be competitive. There are many aspects to the quality of mobile applications, with usability being an important one [23]. In addition, the architecture of these applications must take into account a number of design constraints, such as limited resources, connectivity issues, data entry models, and different mobile device display resolutions [24].



The airport mobile application ensures that passengers have the information they want at their fingertips through trip planning tools, gate information, news, special offers, and everything they need to get to and through the airport with ease [25]. The application includes features such as up-to-date flight information with a new flight tracking service, making travel easier thanks to travel alerts and prompts, trip planning using a connection planner, long-term parking reservation, information about latest offers in shops and restaurants, and maps [26,27]. When creating such a mobile application, the process consists of several phases, such as product definition, analysis and research, information architecture, UX and UI design, and testing. Testing of the mobile application as part of the process of its creation is an important phase that serves to verify functionality, detect errors, and ensure a high-quality standard of the application before it is put into operation. One of the options for testing a mobile application is user session testing, which is a procedure that examines the user’s behavior in real-time while interacting with the application [27,28]. User session testing makes it possible to gain useful knowledge about how users behave and how they interact with the application in different scenarios. This type of testing focuses on following a specific user session, from application launch to application termination, and seeks to capture interactions, options selected, screen transitions, and other user actions. User session testing brings added value in identifying problems that could be overlooked in other types of testing. Based on these insights, development and design teams can optimize the user interface, fix bugs, and improve the overall usability and user experience of the mobile app. Integrating comments and feedback from testers into the final version of the app is key to achieving a quality and competitive mobile app that is acceptable and functional for users [28,29].



Data collection and analysis of data from mobile applications have become an important source of information for airport operators. The data is collected from mobile apps, websites, advanced parking reservations, online passenger feedback, social media, and Wi-Fi analytics [28,29]. The ability to combine online shopping with offline retail can become one of the greatest strengths of airports [30].



The use of a smart airport mobile application for predictive modeling and analysis involves collecting data from the application to gain insights into passenger behavior, preferences, and patterns [31]. This data can be used to identify areas where improvements are needed, such as streamlining check-in and security processes, reducing wait times, and enhancing overall airport experience. The application data can also be combined with other sources, such as flight data and weather forecasts, to create predictive models that can help the airport staff anticipate and mitigate potential disruptions or delays. Additionally, the application can be used to generate real-time analytics, which can enable the airport to optimize operations and resources, improve safety and security, and ultimately enhance the passenger experience [32].




2. Materials and Methods


The goal of the paper is to create a proposal for a customer-oriented smart airport solution within the smart airport concept—specifically, a mobile application designed for a specific airport. Nonetheless, it is feasible to employ this particular mobile application concept across numerous airports with minimal modifications. Furthermore, the utilization of this application can produce immediate analytics that empower the airport to streamline operations and resource allocation, bolster safety and security measures, and ultimately elevate the quality of service provided to passengers. Mobile application design is a process that consists of the following 7 phases [33]:




	
Product definition. For proper product definition, which is linked to the later phases of the mobile application design process, it is necessary to clearly determine the input data related to the mobile application. This includes the basic characteristics of the mobile application, its main goal—i.e., why the mobile app needs to be designed and developed—and who the mobile application is intended for.



	
Analysis and research. In this phase, specific requirements for the application in terms of its functionality are determined. The phase consists of the analysis and comparison of mobile applications of several airports. Based on the analysis, it is determined what functions and information a mobile application for the airport should contain and how it should work. Subsequently, it is necessary to turn the obtained information into a survey to determine customer requirements for a mobile application for a specific airport. The survey is conducted in the form of a questionnaire. In the questionnaire, respondents are asked simple questions aimed at the specification of their attitude towards different functions that the mobile application should contain. The minimum number of respondents with the required 95% confidence level of the estimate, 5% margin of error, and based on the sample calculation with a base set size of over 100,000 is 385 respondents. The size of the sample with a base set size of 100,000 is calculated as follows:










  n ≥    N   ∗     t  1 −  α 2   2    ∗    σ 2     (  N − 1  )    ∗    Δ 2  +  t  1 −    α     2   2  ∗    σ 2     



(1)




where n = minimum sample size; t1 − α/2 = critical value determined from charts; σ2 = variance calculated from the standard deviation; Δ = maximum allowable margin of error; N = basic statistical set size.



	3.

	
The research hypothesis is defined as: “A majority of respondents in the questionnaire survey will express a preference for the inclusion of real-time flight information and updates in the mobile application for the airport, signifying that passengers perceive it as important and desirable.”




	4.

	
The next phase in the process of mobile application design is the creation of an information architecture, within which individual pages and sub-pages and their links are displayed. The information architecture is created using specialized software and is presented as a sitemap.




	5.

	
UX design is closely related to the preceding phase, design of information architecture. It represents a visual display of individual pages and sub-pages of the application, as well as the links between them. The creation of UX design consists of three consecutive steps. The first step is the creation of a paper wireframe, followed by its conversion into digital form to create a digital wireframe, and finally transformation of the digital wireframe into an interactive prototype.




	6.

	
The sixth phase of mobile application design is user interface design. It includes the choice of color combination, typography, and overall visual design to attract, satisfy, and retain the user of the application. The goal of UI design is to create a visual design that is pleasing to the eye and at the same time reflects the image of the company for which the design is created.




	7.

	
The final step in the mobile application design process is testing. Testing can be done in several ways. For testing this mobile app, two types of testing are chosen—specifically, self-hosted testing and user testing, which serve to get feedback from real users.







Following the process of creating a mobile application, the last part of the methodology follows, which is the use of data obtained through the mobile application for predictive modeling and analysis. This data can provide valuable information and data for predicting future trends, making the right decisions, and optimizing operations. The mobile application collects various types of data, such as user demographic data (information about users’ age, gender, interests, and preferences), geolocation data (recording users’ location), and application usage information (how long they use the application, what features they use, and actions are performed). This data is then processed and analyzed using predictive modeling and analytics methods, such as predictive models, analysis of trends and patterns, personalization, and recommendations. With predictive models, based on data history and patterns, a model can be created that predicts future user behavior. For example, based on users’ previous movements in the airport, their preferred areas or services could be predicted. In connection with trend and pattern analysis, application data could be analyzed to identify trends and patterns in user behavior. This can help the airport plan capacity, optimize passenger flow, and anticipate service demand. Based on the obtained data, it is possible to provide personalized recommendations and services to users. For example, if the application records the users’ dietary preferences, it can offer them restaurant recommendations with their favorite foods.




3. Results


Based on the analysis of the multiple airport mobile applications, a comparison of mobile applications is carried out on the basis of the presence or absence of individual functions and information in the application environment. The mobile applications are similar in many aspects, as they do not differ much from each other in terms of the basic structure of the information architecture. However, some applications contain specific functions that differentiate them from their competitors. A complete overview of airport mobile application functions can be seen in Table 1.



Table 1 shows that each of the mobile applications contains information about arrivals and departures and the option of adding a specific flight to the favorites from a menu of upcoming flights. All of the mobile applications analyzed provide users with notifications about changes in flight status and information about shops, restaurants, services, and transport options to the airport. Each of the compared mobile applications also includes a map. All the analyzed applications are available in English only and can be downloaded to both iOS and Android devices.



The results of the analysis enable determining what functions an airport mobile application should contain, what information it should provide, and how it should work. Subsequently, it is necessary to turn the obtained information into a survey, though which customer requirements for a mobile application for airport are determined. The survey is conducted in the form of a questionnaire and distributed to respondents via social networks. A total of 396 respondents answered the questionnaire, which means that the required minimum number of respondents was reached. In the questionnaire, respondents were asked to answer simple questions aimed at finding out their opinion regarding individual functions that the mobile application for an airport should contain (see Figure 1).



The information architecture, which displays individual pages, sub-pages, and their links, is created for the design of the airport mobile application in a specialized software environment in the form of a sitemap. Figure 2 shows the proposed information architecture for the airport mobile application.



User testing is chosen to get feedback from real users. Testing is carried out by 10 people of both genders and different age categories from 18 to 71 years and possessing a different level of digital skills. The task of the testers is to run the application and go through every page and subpage that the application contains. Additionally, the functionality of individual functions and buttons is tested within those pages and sub-pages where specific functions of the application can be used. Moreover, the testers verify the logical hierarchy and interconnection of the individual pages of the mobile application. Each problem identified by the testers is analyzed and, if justified, is later incorporated into the interactive prototype (see Table 2).



Based on the user testing results, several improvements were identified. For “My flights”, the vertical lines were adjusted to align with the design ideas from the wireframe model. The underpainting of the icon for “Add departure” was corrected to the proper color. The text field for “Parking and transport” was enlarged, and the photo description for “Shops” was moved below the photo. In the “Services” section, the text field was divided into several fields to achieve a clearer design. On the home page, the icons for “Add Arrival”, “Add Departure”, “Scan Ticket”, and “My Flights” buttons were increased in size. The font color for contact information in the “Contact” section was changed to improve readability. In the “Passenger transport” section, the text in the address and coordinates tables was aligned. Finally, the transparency of all buttons was adjusted to 100% to ensure consistent color. These adjustments were made based on user feedback and aim to enhance the overall user experience.



An interactive prototype represents the final version of the application in terms of both visual and functional aspects. It enables accurate simulation of the functioning of the application and creation of interactions that would ensure the interconnection of individual pages in accordance with the information architecture. For the creation of the interactive prototype, the specialized software Axure RP is used, which allows creation of any environment according to the requirements.



With the advent of prognosis technology, companies are now able to create mobile applications that can offer users personalized experiences. However, to do this, these applications need to collect user data. It is therefore important for companies to ensure that users are informed about this data collection and have the opportunity to confirm their consent. Upon opening the app, users are presented with a clear and concise message explaining that the company collects their data and how that data is used to provide personalized experiences, such as personalized ads and notifications. By being transparent about how data is collected, companies can build trust with their users and provide them with a more positive and personalized experience. There are several types of personalized experiences that users can benefit from when their data is collected by a mobile application. For example, the application is able to suggest relevant products and services based on the user’s preferences and past behavior. It may also be able to provide customized content, such as news articles or videos, that are tailored to the user’s interests. Furthermore, the application may be able to offer personalized recommendations for activities or places to visit based on the user’s location and past behavior. By using data to create these personalized experiences, mobile applications can enhance the user’s overall experience and provide added value that is tailored to their unique needs and preferences.



The Home page (Figure 3) is the first page that the user sees after opening the application. It contains a text welcoming the user, buttons that can be used to navigate to other subpages and to add a departure, an arrival, scan a ticket, or go to My Flights page. The top bar contains the Home and Menu buttons and is the same for all main pages of the application. The Home page is important because it creates the user’s first impression of the application. The user has the option of returning to the home page from every page and sub-page. After pressing the button designated for Menu (Figure 3), the user will see the main menu of the application, within which it is possible to choose the page or subpage to which the user wants to be redirected. The user can choose from 6 main categories and subcategories. The Menu can thus take the user to any page, for which they can also use the quick search function. After entering any text, the mobile application evaluates whether the entered expression matches the information contained in the application and displays results that meet the request. The Menu can be accessed from any page, as it is located on the top bar of the mobile application. The My Flights subpage (Figure 3) is one of the most important features in the entire mobile application design, as it allows the user to manage their flights that they want to track. After the user adds a flight, either by selecting from upcoming flights or by scanning, the selected flights are saved and displayed directly on the My Flights subpage. According to the type of flight (arrival or departure), detailed information is displayed to the user, such as destination, flight status, flight number, time and date of flight, check-in and gate information, or information about the airline service provider. Within each flight, the user can choose from three buttons–Map, Notifications, and Delete. After clicking on the Map button, the user is redirected to a map of the airport showing the gate from which the flight is scheduled to depart. Clicking on the Notifications button takes the user to the Notifications subpage, which displays a summary of received notifications.




4. Discussion


One of the smart solutions that can be implemented at airports is a mobile application. As a smart solution in the airport operation environment, an airport mobile application is one of the basic components of airport digital transformation. Currently, mobile applications represent an extremely used and highly effective tool in communication between a company and its customers. A smart solution in the form of a mobile application for the airport is also a safety feature, which is particularly important in the time of the pandemic, as a tool to eliminate direct interpersonal contact. In the future, the mobile application may include additional smart features and functions, such as smart parking, internal navigation, interconnection with Beacon technology, or tools for baggage tracking.



Data collected through a smart airport mobile application can be analyzed using various technologies and systems to extract insights and patterns that can be used for predictive modeling and analysis. The best examples are:




	
Passenger flow analysis: By tracking the movement of passengers through an airport, operators can use the data collected by a mobile application to identify congestion points, optimize resource allocation, and enhance overall passenger experience. This information can also be used to predict potential bottlenecks and adjust staffing levels accordingly.



	
Customer behavior analysis: By analyzing data collected from a smart airport mobile application, not only airports, but airlines as well can gain insights into passenger behavior and preferences. This information can be used to tailor services and offerings, such as in-flight entertainment and food options, to better meet passenger needs.



	
Risk management: During a pandemic or other crisis, data collected through a smart airport mobile application can be used to identify potential risks and develop mitigation strategies. For example, by tracking the movement of passengers through an airport, airport operators can identify potential hotspots and take appropriate measures to reduce the risk of infection.








Overall, even though a smart airport mobile application may not have a direct use for prognosis, the data it gathers can still offer valuable insights for predictive modeling and decision-making purposes. These insights, when combined with other technologies and systems, can be leveraged to improve operational efficiency, reduce costs, and elevate the passenger experience at airports.




5. Conclusions


The introduction of digital technologies at airports appears to be inevitable for all airports in the future. Mobile applications are a social phenomenon of the 21st century, and their usage rate is growing every day. For any airport, the introduction of a mobile application should be the first step, and at the same time a steppingstone in the process of digital transformation.



The paper proposed a customer-oriented smart airport solution in the form of a mobile application designed for a specific airport, but this concept can be applied to multiple airports with minimal modifications, and the application’s utilization can provide immediate analytics to optimize operations, safety, and security measures, ultimately improving the quality of service for passengers.



The process of creating the mobile application involved a comprehensive approach, starting with the product definition and customer research to ensure that the application meets the needs of its intended users. Based on the results of the survey that was conducted in the form of a questionnaire, and subsequent analysis of the collected data, we can conclude that the stated hypothesis can be considered as accepted. Indeed, a majority of respondents in the questionnaire survey expressed a preference for the inclusion of real-time flight information and updates into the mobile application for the airport. The subsequent phases focused on the technical and design aspects, including information architecture, UX and UI design, and testing, which were all crucial to ensure that the application is both user-friendly and visually appealing. As a result of this systematic approach, a native mobile application for iOS and Android operating systems has been created that offers an interactive and personalized experience for its users, with the potential for expansion to include smartwatch technology.



Prognosis technology enables mobile applications to provide personalized experiences that necessitate transparent data collection confirmed by users, and these experiences offer benefits such as relevant product suggestions, customized content, and personalized recommendations that enhance the overall user experience.



In the future, the application may also include other smart solutions for airports, such as smart parking systems, sensors aimed at determining queues at check-in counters, navigation in airport premises using Beacon technology, and related personalized service based on the user’s location or automated systems for handling and tracking baggage.



Overall, the potential of digital technologies in predictive modeling and analysis for airports is significant. By leveraging data and advanced analytics, airports can improve efficiency, reduce costs, and enhance the passenger experience, making air travel more seamless and enjoyable for everyone involved.
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Figure 1. Respondents’ interest in mobile application functions in %. Source: authors. 






Figure 1. Respondents’ interest in mobile application functions in %. Source: authors.



[image: Aerospace 10 00588 g001]







[image: Aerospace 10 00588 g002 550] 





Figure 2. Information architecture. Source: authors. 
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Figure 3. Interactive prototype. Source: authors. 
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Table 1. Comparison of airport mobile applications. Source: authors.
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	Function
	Vienna
	Prague
	Budapest
	Krakow





	iOS & Android
	✔
	✔
	✔
	✔



	Arrivals & Departures
	✔
	✔
	✔
	✔



	Add flight to favorites from upcoming flights
	✔
	✔
	✔
	✔



	Add flight by scanning QR/bar code
	✔
	✔
	✗
	✗



	Notifications
	✔
	✔
	✔
	✔



	List of received notifications
	✔
	✗
	✔
	✔



	Check-in information
	✗
	✔
	✔
	✗



	Baggage information
	✗
	✔
	✔
	✗



	Restaurants & Shops
	✔
	✔
	✔
	✔



	Services
	✔
	✔
	✔
	✔



	Traveler list
	✔
	✗
	✔
	✗



	My parking spot
	✔
	✗
	✗
	✗



	Parking
	✔
	✔
	✔
	✔



	Public transport & Taxi
	✔
	✔
	✔
	✔



	Frequently asked questions
	✗
	✔
	✗
	✗



	Map
	✔
	✔
	✔
	✔



	Navigation
	✗
	✔
	✗
	✔



	Contacts
	✗
	✔
	✔
	✗



	Weather information
	✗
	✗
	✗
	✔



	Estimated waiting time at security control
	✗
	✗
	✗
	✔



	Information about location of defibrillator
	✗
	✗
	✗
	✔
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Table 2. List of testers. Source: authors.
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	Gender
	Age
	Profession
	Digital Skills





	Man
	18
	Student
	Advanced



	Man
	24
	Sport coach
	Intermediate



	Woman
	25
	Student
	Expert



	Woman
	33
	Maternity leave
	Intermediate



	Man
	38
	Chef
	Beginner



	Woman
	49
	Teacher
	Beginner



	Man
	51
	Businessman
	Expert



	Woman
	58
	Manager
	Advanced



	Man
	63
	Retiree
	Intermediate



	Woman
	71
	Retiree
	Beginner
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