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[bookmark: OLE_LINK3]Abstract
The current emergency response system has some restrictions in terms of response time, communication, and first aid skills of the general public, all of which enhance the potential risk to life during emergencies. This study involved the design, development, and testing of a real-time, location-based mobile emergency response application, called Lifeline Assist, that would help alleviate this lag time between the event of an emergency and professional intervention. It incorporates Global Positioning System (GPS) technology to share real-time location with others, one-tap Save Our Souls (SOS) alerts to preconfigured contacts and nearby users, interactive first aid guidance for common emergencies, and a facility locator to find nearby hospitals/clinics. It was created using a front end built in Kotlin and a back end built in Firebase, which included user authentication, real-time data management, and push notifications. Functional, usability, performance, and acceptance testing with simulated emergency scenarios were used to assess the prototype. The results show that the application will decrease the delay time as well as increase situational awareness and user capability to take immediate action prior to the arrival of professional assistance.
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1. Introduction
Emergencies are typically sudden and unpredictable, and they can affect anyone, in any place, at any time. Whether the event is a medical crisis such as a heart attack, choking, or seizure, or a threat to personal safety such as an abduction or disorientation, the capacity to respond quickly and appropriately can determine whether a person lives or dies. The period between the onset of an emergency and the arrival of professional help is often decisive, yet it is commonly characterised by uncertainty, fear, and a sense of powerlessness, all of which can worsen outcomes (Mills et al., 2024).
Emergency services are essential, but they cannot always reach those in need without delay, particularly in remote areas, during large-scale disasters, or when an individual is isolated and unable to communicate. Under such conditions, immediate access to guidance can be lifesaving. Advances in mobile technology now offer a means of addressing this long-standing problem. The modern smartphone is no longer merely a communication device; it can determine location, deliver real-time information, and connect users to networks of support (Jain, 2024).
Each year, road traffic injuries account for more than 1.19 million deaths worldwide, alongside a far larger burden of emergencies arising from medical conditions, violence, and accidents (WHO, 2023). Delayed activation of emergency response teams has repeatedly been associated with higher mortality and poorer patient outcomes, especially for time-sensitive conditions (Mills et al., 2024). Geography exacerbates these difficulties further, with some rural regions reporting response times nearly 20 minutes longer than the national average (Turcinovic et al., 2025).
Existing research has examined a range of mobile approaches to emergency response and personal safety. Chatkhane Pearkao et al. (2022) developed a self-learning web application that improved first aid knowledge among road-accident victims. Choi et al. (2021) evaluated healthcare workers' use of a psychological first aid application during disaster simulations. Chowdhury and Dewan (2024) proposed an application that supports passenger safety through driver vetting and emergency alerts. Pawar et al. (2023) designed a sensor-based system that detects accidents and notifies emergency services. Astarita et al. (2020) analysed the requirements for mobile computing in disaster management and appropriately emphasised community engagement. Chen et al. (2023) developed an inclusive system for elderly and deaf-mute users.
Taken together, these studies indicate that mobile applications hold considerable potential to transform emergency response. Many existing solutions, however, remain limited in scope, lack real-world validation, or are designed for particular user groups or emergency types. The present study addresses these limitations by proposing a comprehensive, user-friendly, and inclusive platform that adapts to a wide range of emergencies by integrating real-time guidance, location sharing, and community support.
1.1 Aim and Objectives
This study is all about designing, developing and testing a real-time location based mobile emergency response system. The particular objectives are to:
· (i) Create an intuitive mobile application for life and health support;
· (ii) develop the application; and
· (iii) test application developed.
1.2 Scope of the Study
The study will involve the design and development of a mobile application for emergency assistance, which can be used by anyone, including those who are vulnerable, e.g., children, elderly and travellers. It handles medical emergencies or personal-safety incidents, offering quick first aid advice and SOS features. This solution should not be used in place of professional medical or law enforcement services, but rather to help bridge the response gap during critical moments.
1.3 Significance of the Study
The study has several advantages. For individuals, it allows faster and more assured reaction in emergency situations to minimize damage and save lives. It supports communities in creating a safer environment by helping them to be more vigilant and responsive, as well as encouraging individuals to help each other. It enhances the capability of emergency responders to detect or identify incidents early, while also assisting them to deliver timely and efficient response, as it allows them to have important information at their fingertips.
2. Materials and Methods
The research adopted a multi-phased structured approach for designing, developing and testing an emergency response enhancing mobile application. The strategy involved a user-centred design process that incorporated both agile development and empirical assessment, ensuring that the resulting product was technically sound and had a social impact. The work was carried out in three stages: design and planning, development and evaluation.
2.1 Design and Planning
The first phase focused on the design and planning. It started with a needs assessment to gain insight into the actual needs of people during an emergency. Wireframes and interactive prototypes created and progressively refined with user feedback and usability principles, using Figma. The user-experience design was based on the principles of minimalism and aimed at minimizing the user's cognitive load during stressful scenarios. It was broken down into easily understood and functional components such as an SOS feature that would send the user's current location and emergency information to surrounding responders and preselected contacts in an instant; interactive first aid training for common emergencies including cardiac arrest, bleeding, choking and burns; a geolocative community responder network, and privacy and security controls embedded in the application that let the user control where and how data is shared, who they would alert in case of an emergency, and the type of emergency.
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Figure 1: System architecture of the proposed Lifeline Assist application.
2.2 Functional Requirements
The following were defined as the functional requirements of the system:
· Ensure user registration and authentication to safeguard personal information and user accounts stored.
· Add, edit, or delete contacts in emergency contact management.
· Ability to use an organised database of first aid advice on a symptom or injury basis.
· One tap SOS alerts that send SOS messages to all emergency contacts that have been set up.
· The automatic attachment of the user's real-time GPS location to each SOS message.
· Nearby-hospital search, which allows users to find hospitals near them with the help of GPS.
· Navigation guidance based on Google Maps with turn-by-turn navigation to the selected facility.
· Access to First Aid information when no internet connection.
2.3 Non-Functional Requirements
For the non-functional requirements, the following were specified:
· Usability: text is clear and transparent, icons and labels can be easily operated, even under stress.
· Quick response time: When sending an SOS signal or loading first aid information, core operations should take less than 2 seconds.
· High availability: The system should be designed to remain as downtime-free as possible.
· Low resource usage (low battery consumption and low data usage).
· Weak-connectivity support so that essential functions, such as offline first aid access, continue under low-signal conditions.
2.4 System Modelling
The use case diagram illustrates the main actors and relationships between the actors of the system. The User may access first-aid guides, keep track of contacts, transmit SOS messages, and share their location with other Users, while the System will process SOS messages, find hospitals close to the User, and save user information.
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Figure 2: Use case diagram of the proposed system.
The logical structure of the database is known as an entity-relationship diagram. User, Emergency Contact, SOS Log, First Aid Guide, and Location Data are the key entities. A User can have many Emergency Contacts and can create many SOS Logs, each SOS Log can be attached to one or more Location Data records containing information about nearby hospitals or clinics, and all Users can have many First Aid Guides, which can be a many-to-many relationship.
2.5 Development Tools and Implementation Environment
The second phase was software application development. Front-end development was done with Kotlin in the Android Studio environment, and the back-end infrastructure was developed using Firebase, which featured real-time data management, user authentication, and push-notification capabilities. The development process was iterative, using an agile methodology and continuous integration, testing, and development in numerous sprints. Some of the core technologies used were Firebase Authentication for secure identity management, the Google Maps API for live tracking and routing, and the Fire store database for storing emergency logs, user profiles and responder data.
2.6 Testing and Evaluation
The last part was technical evaluation including unit, integration and system testing. Four types of tests were used:
1. Conformance Testing for functional testing for each feature such as registration, SOS messaging, management of emergency contacts, and hospital search.
2. Usability testing to ensure that users were able to easily access all features, even during emergencies.
3. Testing performance in a range of scenarios including low bandwidth connections and multiple tasks.
4. Selected user acceptance testing to ensure the application has been developed to meet the users' needs.
3. Results
A functional prototype of the Lifeline Assist application was developed, which was used to bring the system design to a working application. The development process was a gradual one in which each module (user registration, login, creating emergency contacts, SOS alerts, first aid information, and location of the facility), was added one at a time. The interfaces created are explained further.
3.1 Implemented Interfaces
Sign-in page
Sign in page is the very first user-system interface. It enables the user to fill in the necessary information to register an account and unlocks all the features for the user.
Home page
The home screen offers links to the main areas of the app: SOS alerts, first aid guidelines, emergency contacts, hospitals near you, and profile.
Guide to First-Aid Page
This page offers a quick reference to basic first aid information for common emergencies, and guides you step-by-step through cuts, burns, nosebleeds, and fainting. The design is deliberately simple, and users are able to find guidance quickly before professional help is available.
SOS alerts page
This page is used to make rapid emergency notifications. When the user activates the SOS, it sends an alert text to the contacts and/or emergency services, making it easy and quick to ask for assistance in critical situations.
Emergency Contacts Page
Users can add, edit, or remove essential contacts, such as family members, friends or emergency services, and save and manage them.


Nearby Medical Facilities Page.
Users can use this page to find hospitals, clinics, and pharmacies based on their current location, and will need to access health services quickly in an emergency.
My Profile Page
Users can view and edit their own data, including name, contact information, blood type, and allergies, so that they can be supported in an emergency situation.
3.2 Database Implementation
Since the app was mobile, Firebase was chosen, which offers cloud-based storage and real-time updates. Data are stored in collections such as a User collection, a Symptoms collection, and a Nearby-Hospital collection.
3.3 Testing Outcomes
During all functional, usability, performance, and acceptance tests, the prototype met its required criteria. Functional tests validated the following features: Registration, SOS message, management of emergency contacts, and search of the hospital. Usability testing showed that users were able to use the interface and find important functionality within a few seconds - even under simulated emergencies. Performance testing demonstrated that core operations continued to be responsive under low bandwidth conditions, as designed, and acceptance testing by selected users confirmed application acceptability to the user.
All these findings combine to show that the application has a positive impact on response time, situational awareness, and user's ability to take immediate action until professional help arrives.
3.4 Comparison with Closely Related Works
A summary of a group of related studies, methodology, objectives, strengths and weaknesses of each of these studies, positioning the current research in relation to the literature is provided in Table 1.
Table 1: Summary of closely related works.
	S/N
	Author(s)
	Methodology / Objective
	Strengths
	Weakness

	1
	Chatkhane Pearkao et al. (2022)
	User testing; evaluated a self-learning web app for first aid knowledge
	Offline access; interactive learning; improves first aid knowledge
	Focused only on road accidents

	2
	Choi et al. (2021)
	Qualitative focus groups; examined a PFA app in disaster simulation
	Enhances disaster training; practical educational approach
	Limited participants and scenarios

	3
	Chowdhury & Dewan (2024)
	App development; passenger safety via driver selection
	Systematic driver selection; real-time safety checks
	Limited real-world testing

	4
	Pawar et al. (2023)
	Sensor integration; accident detection and alerting
	Accurate detection; rapid emergency alerts
	Limited validation in varied conditions

	5
	Astarita et al. (2020)
	Requirements analysis; crowdsourcing for disaster management
	Comprehensive framework; community engagement
	Complex implementation may hinder adoption

	6
	Chen et al. (2023)
	App development; assisting vulnerable populations
	Tailored for deaf-mute and elderly; real-time alerts
	Limited testing in diverse scenarios

	7
	Chowdhury et al. (2022)
	App development; multi-service integration
	Integrates multiple services; accessible
	Limited empirical testing

	8
	Sundar & Fernando (2023)
	Real-time alerts; location tracking for first aid
	Quick assistance with location tracking
	Specific emergency types; needs professional integration

	9
	Ghosal et al. (2023)
	IoT sensors; automated accident detection and notification
	Real-time detection and alerts
	Requires extensive validation in varied environments

	10
	Lu et al. (2022)
	AI techniques; real-time risk warnings for responders
	Enhances responder safety; situational awareness
	Primarily simulation-based; limited field validation


4. Discussion
The results of this study support the emerging literature on the value of mobile application use to bolster personal readiness and capabilities to respond in a crisis. The first aid component, which is interactive and offline accessible, aligns with the Chatkhane Pearkao et al. (2022) findings that interactivity and offline access are essential to keep people engaged when connectivity is limited, and the localization and multi-service approach is consistent with Chowdhury et al. (2022). The real-time location sharing and community-responder feature is consistent with Astarita et al. (2020), who found that real-time exchange of data between participants has value and with Sundar and Fernando (2023) who found that location-based approach can cut the response time, while also calling for the integration with formal services. Inclusivity of Lifeline Assist, which supports people aged 60 and over and people with disabilities, is endorsed by Chen et al. (2023) and by disability-inclusive design requirements reported by Moreno et al. (2025). The study's privacy-by-design approach is in alignment with the growing focus on data security for emergency applications (Sidekick Interactive, 2025).
4.1 Limitations of the Study
There are a number of caveats that must be noted. The depth of development, testing, and data collection was limited by the time constraint. The use of advanced tools, devices, and testing environments was limited by financial resources. It was challenging to recruit a large and diverse user group, and testing was undertaken in controlled or simulated situations where the real emergency situation was not present.
5. Conclusion
The study has shown the viability of mobile technology in enhancing emergency response systems. The development and evaluation of Lifeline Assist application provided a solution to the identified gaps in traditional emergency response practice such as delayed response, low level of first aid knowledge and poor communication during emergencies. The system combines real time location sharing, interactive first aid instructions and a community-based support, and can be used to fill the critical timeframe between emergencies and the arrival of professional services.
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