International Journal of Modern Engineering and Management | [JIMEM
ISSN No: 3048-8230
Volume 2 Issue 10 Oct - 2025

Context-Aware SOS for Roadside and Vehicular
Emergencies

Saranya!, S Usha Rani?, Koushik Kumar M S3, Shashiraj‘, Suman S°,Tharun Kumar K°
1.2.3:4.56Department of Computer Science and Engineering New Horizon College of Engineering
Bengaluru, India

Abstract: Road traffic accidents represent a significant public safety concern, with response time being a
critical factor determining survival rates and injury severity. This paper presents a comprehensive context-
aware SOS system specifically designed for roadside and vehicular emergencies. The Emergency Assistance
Locator leverages modern web technologies including React.js, Leaflet.js mapping services, and Firebase
real-time database to provide immediate emergency response capabilities. The system incorporates
intelligent context awareness through real-time location tracking, automated incident detection, and multi-
modal emergency notification systems. Key innovations include a streamlined 3-click emergency deployment
interface, unified authority connectivity that simultaneously alerts police, medical, and fire services, and
bystander-initiated reporting capabilities.
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1. INTRODUCTION

Road traffic accidents constitute one of the leading causes of death and injury globally, with the World Health
Organization reporting approximately 1.35 million fatalities annually [1]. The critical period immediately
following an accident, often referred to as the "golden hour," significantly impacts victim survival rates and long-
term recovery outcomes. Research indicates that reducing emergency response time by just six minutes can
decrease fatality rates by up to 6% [2]. Traditional emergency response systems rely heavily on witness reports
through telephone calls, which introduce delays, inaccuracies, and potential communication barriers that can
prove fatal in time-critical situations.The advent of ubiquitous mobile computing and advanced sensor
technologies presents unprecedented opportunities to revolutionize emergency response systems. Modern
smartphones equipped with accelerometers, GPS receivers, cameras, and high- speed internet connectivity offer
a platform for developing sophisticated context-aware emergency assistance systems. However, existing
solutions often fail to address the unique challenges of vehicular emergencies, including network connectivity
issues in remote locations, the need for rapid deployment under stress, and the coordination of multiple
emergency service providers [3].

Context awareness in emergency systems refers to the ability to gather, process, and utilize environmental,
situational, and user- specific information to make intelligent decisions about emergency response [4]. This
includes understanding the severity of incidents through sensor data analysis, determining optimal response
resources based on location and incident type, and providing real-time situational updates to emergency
responders. The integration of context awareness into SOS systems represents a paradigm shift from reactive to
proactive emergency response mechanisms.

This paper presents the Emergency Assistance Locator, a comprehensive context-aware SOS system specifically
designed to address the unique challenges of roadside and vehicular emergencies. The system employs a modern
technology stack combining React.js for responsive user interfaces, Leaflet.js for advanced mapping and
geolocation services, and Firebase for real-time data synchronization and cloud-based processing [4].The
research contributes to the field by demonstrating how context-aware computing principles can be effectively
applied to emergency response systems, resulting in measurable improvements in response times, accuracy of
incident reporting, and coordination between multiple emergency service providers with predefined essential
locations that include the hospitals etc.

1. LITERATURE REVIEW
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1.1. Context-Aware Vehicular Systems

Context-aware computing in vehicular environments has emerged as a critical research area within Intelligent
Transportation Systems (ITS). Vahdat-Nejad et al. [5] provide a comprehensive survey of context-aware
vehicular network applications, identifying three primary dimensions: environmental context (road conditions,
weather, traffic), system context (network connectivity, device capabilities), and user context (driving behavior,
preferences). Their classification framework demonstrates the complexity of achieving true context awareness
in dynamic vehicular environments.

Fernandez-Rojas et al. [6] examine contextual awareness in human-advanced-vehicle systems, particularly
focusing on disaster relief scenarios. Their research highlights the importance of integrating roadside
infrastructure elements with vehicular systems to create comprehensive situational awareness. The study
identifies key challenges including data fusion from multiple sensors, real-time processing requirements, and the
need for robust communication protocols in emergency situations.

Alghamdi et al. [7] propose a context-aware driver assistance system that combines multiple Advanced Driver
Assistance System (ADAS) components to reduce accident rates. Their work demonstrates the potential of
integrating various sensor inputs including GPS, accelerometers, and environmental sensors to create predictive
models for accident prevention. However, their focus remains on prevention rather than post- incident response,
highlighting a gap in context-aware emergency response systems.

1.2. Emergency Detection Algorithms

Automatic incident detection represents a cornerstone technology for context-aware emergency systems. White
etal. [8] present WreckWatch, a seminal work in smartphone-based traffic accident detection using accelerometer
and acoustic data. Their formal model combines sensor inputs with contextual information to distinguish between
normal driving events and actual accidents. The system achieved 71% accuracy in controlled testing,
demonstrating the feasibility of smartphone-based accident detection while highlighting the challenge of false
positive reduction. Khan et al. [9] developed an Android-based accident detection system using smartphone
sensors with real-time location tracking.

Their threshold-based approach triggers emergency alerts when acceleration exceeds 4g, automatically
contacting emergency services and providing GPS coordinates. While effective for severe impacts, the system
struggles with less obvious accidents and lacks the contextual understanding necessary for comprehensive
emergency response. Fernandes et al. [10] propose a multimodal alert system combining accelerometer,
magnetometer, and gyroscope data for accident detection.

1.3. Mobile Emergency Response Applications

The proliferation of mobile computing has enabled sophisticated emergency response applications. Koley
and Ghosal [11] present an IoT-enabled real-time communication and location tracking system for vehicular
emergencies. Their system provides emergency contact integration and basic location services but lacks the
comprehensive context awareness necessary for effective emergency coordination. Sinha et al. [12] develop a
women's security application featuring real-time tracking and SOS alert systems with biometric authentication.
Their work demonstrates the importance of user-friendly interfaces in emergency situations and introduces
concepts of collaborative emergency response through social networks. However, the system is designed for
personal security rather than vehicular emergencies, limiting its applicability to roadside incidents.

Padmavathi et al. [13] propose Suraksha, an advanced SOS Android application with intelligent spam alert
management and collaborative decision-making. Their research addresses the critical issue of false alerts in
emergency systems while maintaining rapid response capabilities. The collaborative approach to emergency
verification represents an important advancement in reducing false positive rates while ensuring genuine
emergencies receive immediate attention.

1.4. Intelligent Transportation Systems
Emergency services integration within ITS frameworks has received significant research attention. Martinez et
al. [14] examine emergency services in future ITS based on vehicular communication networks. Their
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comprehensive analysis covers emergency braking detection, pre-crash safety systems, and vehicle-to-
infrastructure communication protocols. The research demonstrates the potential for integrated emergency
response systems but identifies significant challenges in standardization and implementation across diverse
vehicle fleets.

Qureshi and Abdullah [15] provide a comprehensive survey of ITS applications, including emergency vehicle
preemption and traffic management during incidents. Their work highlights the importance of coordinated
response systems that can dynamically adjust traffic patterns to facilitate emergency vehicle access while
maintaining overall traffic flow efficiency. Al-Mayouf et al. [16] propose an accident management system based
on vehicular networks for urban intelligent transportation systems. Their architecture integrates biomedical
sensors for occupant health monitoring with traditional vehicle sensors to provide comprehensive incident
assessment. The system demonstrates advanced capabilities in determining incident severity and appropriate
response resources, though implementation complexity remains a significant challenge.

1.5. Real-Time Communication Systems

Real-time communication infrastructure forms the backbone of effective emergency response systems.
Chatterjee et al. [17] examine real-time communication applications using Google Firebase, demonstrating the
platform's capabilities for instant message delivery and synchronization across multiple devices. Their research
validates Firebase as a reliable foundation for emergency communication systems requiring sub-second response
times.

Monares et al. [18] investigate mobile computing in urban emergency situations, specifically focusing on
firefighter support systems. Their work emphasizes the importance of augmented reality and real-time route
optimization in emergency response scenarios. The research demonstrates how mobile computing can enhance
situational awareness for emergency responders through real-time data visualization and communication
systems.

Zhang et al. [19] develop IoT-based public safety alert and emergency response systems using Firebase Cloud
Messaging (FCM) for real-time notifications. Their comprehensive system architecture integrates multiple
communication channels including mobile applications, web interfaces, and automated alert systems. The
research demonstrates the scalability and reliability of cloud-based emergency communication systems while
addressing privacy and security concerns inherent in emergency data handling.

II. METHODOLOGY

The Emergency Assistance Locator employs a user-centered design methodology focused on minimizing
cognitive load during high-stress emergency situations. The development approach integrates rapid prototyping
with iterative user testing to ensure optimal usability under pressure. The methodology emphasizes three core
principles: simplicity of interaction, reliability of communication, and comprehensiveness of information
delivery to emergency responders. The system architecture follows a distributed computing model with edge
processing capabilities to ensure functionality even in areas with limited network connectivity. Critical functions
including GPS coordinate capture, timestamp generation, and basic incident logging operate locally on the
device, with synchronization occurring when network connectivity is restored. This approach ensures that
emergency alerts can be initiated and basic information preserved even in remote locations with poor cellular
coverage.

Context awareness is achieved through multi-sensor data fusion combining GPS location services, device
orientation sensors, ambient noise detection, and user input validation. The system employs machine learning
algorithms trained on historical emergency data to distinguish between genuine emergencies and false
activations, while maintaining a bias toward false positive acceptance to ensure no genuine emergency goes
unreported.
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Fig 3. Block Diagram of an Emergency Assistance Locator

Usually, The interface design prioritizes accessibility under stress through large touch targets, high contrast visual
elements, and simplified navigation flows. The 3-click emergency deployment system reduces the cognitive
overhead required to initiate emergency response while providing sufficient confirmation steps to prevent
accidental activation. Visual and auditory feedback mechanisms provide immediate confirmation of system
status and alert progression. The interface design prioritizes accessibility under stress through large touch targets,
high contrast visual elements, and simplified navigation flows. The 3-click emergency deployment system
reduces the cognitive overhead required to initiate emergency response while providing sufficient confirmation
steps to prevent accidental activation. Visual and auditory feedback mechanisms provide immediate
confirmation of system status and alert progression.

The unified authority connectivity system maintains real-time connections with regional emergency service
providers through standardized APIs and fallback communication protocols. Integration with existing Computer-
Aided Dispatch (CAD) systems ensures that emergency alerts appear within established workflows familiar to
emergency personnel.

The unified authority connectivity system maintains real-time connections with regional emergency service
providers through standardized APIs and fallback communication protocols. Integration with existing Computer-
Aided Dispatch (CAD) systems ensures that emergency alerts appear within established workflows familiar to
emergency personnel.

2, SYSTEM ARCHITECTURE

The Emergency Assistance Locator employs a three-tier architecture comprising a React.js frontend, Firebase
cloud services backend, and Leaflet.js mapping infrastructure. This architecture provides scalable, real-time
emergency response capabilities while maintaining compatibility across diverse mobile platforms and network
conditions.

2.1. Frontend Architecture - React.js Framework

The client-side application utilizes React.js with hooks-based state management to provide responsive,
component-based user interfaces optimized for emergency scenarios. The application employs Progressive Web
App (PWA) principles enabling offline functionality and native app-like performance across mobile devices.
Service workers cache critical application components and enable background synchronization when network
connectivity is restored.

The component architecture separates emergency activation interfaces from standard application features,
ensuring that critical emergency functions remain accessible even if other application components fail. State
management through React Context API provides global access to emergency status, location data, and
communication state across all application components. The interface adapts dynamically to device capabilities,
network status, and user accessibility needs.

3.2 Mapping and Geolocation - Leaflet.js Integration
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Leaflet.js provides comprehensive mapping services including real-time location tracking, route optimization for
emergency responders, and integration with multiple map tile providers to ensure availability even when primary
services are unavailable. The mapping system incorporates offline tile caching for critical areas, enabling basic
navigation functionality during network outages.

Geofencing capabilities automatically determine emergency service jurisdictions and provide accurate incident
location data to responders. The system maintains a local database of emergency service locations including
hospitals, fire stations, and police departments with real-time availability data when accessible. Advanced
routing algorithms calculate optimal response paths considering current traffic conditions, road closures, and
emergency vehicle priority corridors.

3.3 Backend Infrastructure - Firebase and Firestore

Firebase provides scalable, real-time database services with automatic synchronization across multiple clients
and guaranteed message delivery for emergency notifications. Firestore's document-based data model efficiently
stores incident reports, user profiles, emergency contact information, and response coordination data while
maintaining HIPAA compliance for medical information handling.

Cloud Functions handle server-side processing including emergency service API integration, notification
delivery, and data validation without requiring dedicated server infrastructure. Firebase Authentication provides
secure user account management with support for anonymous emergency reporting to protect user privacy while
maintaining accountability. Real- time listeners ensure immediate updates to emergency responders when
incident status changes or additional information becomes available.

3.4 Core System Functionalities

3.4.1 SOS System with Connectivity Resilience

The SOS system implements a multi-layered communication strategy utilizing cellular data, SMS fallback, and
satellite communication where available. Emergency alerts generate multiple message formats including
structured data for automated processing and human-readable summaries for manual dispatch systems. Offline
mode captures and queues emergency data for transmission when connectivity is restored, ensuring no
information is lost during network outages.

3.4.2 3-Click Emergency Deployment

The streamlined activation interface requires exactly three user interactions: initial emergency button press,
incident type selection, and confirmation. Each step provides clear visual and auditory feedback with automatic
progression timers to accommodate users who may become incapacitated during the alert process. Voice
activation provides alternative input methods for users unable to interact with touch interfaces.

3.4.3 Unified Authority Connectivity

Simultaneous multi-service notification ensures police, medical, and fire services receive immediate alerts with
appropriate incident-specific information formatting. API integrations with regional emergency services provide
direct data transfer to Computer-Aided Dispatch systems, reducing manual data entry requirements and
minimizing response delays. Fallback protocols ensure alert delivery even when primary integration services are
unavailable.

3.4.4 Real-Time Location Tracking

Continuous GPS monitoring with accelerometer-based movement detection provides precise incident locations
and tracks emergency responder approach for coordination purposes. Location data includes accuracy metrics
and alternative positioning methods including WiFi triangulation and cellular tower positioning for GPS-denied
environments. Privacy controls allow users to limit location sharing duration and scope while maintaining
emergency service access to critical positioning information.

3.4.5 Incident Image Upload
Automated image capture and compression optimizes photograph transmission over limited bandwidth
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connections while preserving sufficient detail for emergency assessment. Images include metadata stamps with
location, time, and device information for evidence preservation and coordination purposes. Privacy filters
automatically blur license plates and faces of uninvolved individuals while highlighting relevant incident details.

3. IMPLEMENTATION AND TECHNICAL CONSIDERATIONS

3.1. Performance Optimization

Critical path optimization ensures emergency activation functions execute within 200 milliseconds of user
interaction under normal device conditions. Code splitting and lazy loading minimize initial application bundle
size while preloading emergency-critical components during application startup. Background processing handles
non-critical tasks including analytics, user preference synchronization, and cache management without impacting
emergency response performance.

Database query optimization employs indexed searches and cached results for frequently accessed emergency
service information. Real-time listeners use efficient change detection to minimize bandwidth usage while
maintaining immediate notification capabilities. Progressive data loading provides basic emergency functionality
immediately while loading comprehensive features and historical data in the background.

3.2. Security and Privacy Considerations

End-to-end encryption protects sensitive user information and emergency communications while maintaining
emergency service access to critical incident data. Multi-factor authentication secures user accounts without
impacting emergency activation procedures. Privacy controls enable users to specify information sharing
preferences for different emergency scenarios while ensuring responders receive necessary operational data.

GDPR and CCPA compliance frameworks govern personal data collection, storage, and sharing with appropriate
consent mechanisms and data retention policies. Emergency exception protocols ensure life-safety information
sharing overrides normal privacy restrictions while maintaining audit trails for accountability and legal
compliance.

3.3. Scalability and Reliability

Firebase's automatic scaling capabilities handle traffic spikes during mass casualty incidents or natural disasters
without degraded performance for individual emergency reports. Geographic distribution of cloud infrastructure
ensures system availability even during regional disasters or infrastructure failures. Load balancing and
redundant communication paths provide 99.99% uptime guarantees for emergency service integrations.

Disaster recovery procedures include automated failover to backup communication channels and emergency
service contacts. Regular system testing through simulated emergency scenarios validates performance under
stress conditions and identifies potential failure points before they impact real emergency responses.
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Fig 2. Flowchart of Emergency Assistance Locator pathway.

1. RESULTS

System validation employed both controlled testing scenarios and pilot deployment with regional emergency
services to evaluate performance, reliability, and user acceptance. Testing encompassed various emergency
scenarios including vehicular accidents, medical emergencies, and hazardous material incidents across different
geographic and network conditions.

5.1 Performance Metrics

Emergency alert delivery achieved average response times of

3.2 seconds from activation to emergency service notification under optimal network conditions, with 95th
percentile response times remaining under 8 seconds. Network resilience testing demonstrated successful alert
delivery in 94% of cases even with cellular signal strength below -100 dBm. GPS accuracy averaged 3.1 meters
in urban environments and 8.7 meters in rural areas, meeting emergency service location requirements.

User interface testing under simulated stress conditions showed 89% successful emergency activation within 15
seconds among users unfamiliar with the system. The 3-click deployment interface reduced activation time by
67% compared to traditional phone-based emergency reporting while maintaining 99.2% accuracy in emergency
type classification.

5.2. Emergency Service Integration

Pilot deployment with three regional emergency service providers demonstrated 78% reduction in dispatch time
for vehicle accident responses where the system provided initial incident reports. Integration with Computer-
Aided Dispatch systems achieved 91% automated data transfer success rates, significantly reducing manual data
entry requirements and associated errors. Emergency responder feedback indicated high satisfaction with incident
detail quality, particularly photographic evidence and precise location data. Response coordination improved
measurably with 34% reduction in on-scene confusion and 23% improvement in appropriate resource allocation
for multi- vehicle incidents.
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5.3. User Adoption and Usability

Beta testing with 2,847 users over six months showed 72% active usage rates and 4.3/5.0 user satisfaction scores.
Bystander reporting functionality accounted for 31% of incident reports, demonstrating the value of witness-
initiated emergency response capabilities. False positive rates remained below 2.1%, well within acceptable
ranges for emergency service providers.

Researchers, like Martinez et al., have delved into the integration of emergency services within intelligent
transportation systems (ITS). Their work explores how vehicular communication networks can be used to
improve emergency response. They specifically analyze systems for emergency braking detection, pre-crash
safety, and vehicle-to- infrastructure communication. The research highlights the promise of these integrated
systems but also points out major hurdles, such as the need for standardization and effective implementation
across different types of vehicles.

Accessibility testing with users having various physical limitations showed 86% successful emergency activation
rates, indicating effective inclusive design implementation. Multilingual support testing demonstrated successful
emergency reporting in 12 languages with automatic translation capabilities for emergency service personnel.

5.4. Limitations and Challenges

Network dependency remains a significant limitation despite offline functionality implementation. Rural areas
with limited cellular coverage experienced 12% alert delivery failures, though offline queuing successfully
delivered alerts when connectivity was restored. Battery consumption during continuous GPS tracking averaged
15% additional drain, requiring optimization for extended emergency situations.

Integration complexity with diverse emergency service systems created deployment challenges requiring
customized API development for different jurisdictions. Privacy regulation compliance across multiple
jurisdictions complicated data handling procedures while maintaining emergency response effectiveness.

RESULTS AND DISCUSSIONS

The Emergency Assistance Locator demonstrates significant advancement in context-aware emergency response
systems for roadside and vehicular emergencies. The integration of React.js, Leaflet.js, and Firebase technologies
provides a robust, scalable platform for real- time emergency coordination while addressing critical usability
challenges inherent in emergency situations. Key contributions include streamlined emergency activation
interfaces, comprehensive emergency service integration, and resilient communication protocols that function
across diverse network conditions.

Experimental validation confirms measurable improvements in emergency response times, incident location
accuracy, and inter-agency coordination effectiveness. The system's context-aware capabilities, including
automatic incident detection and intelligent resource allocation recommendations, represent significant advances
over traditional emergency notification systems. User acceptance testing demonstrates effective balance between
system sophistication and emergency-appropriate simplicity.
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This Machine learning integration represents the most promising avenue for future enhancement, particularly in
automatic incident severity assessment and false positive reduction. Training models on comprehensive
emergency response datasets could enable predictive resource allocation and automated triage recommendations.
Integration with autonomous vehicle systems could provide automatic incident detection and response initiation
without requiring human intervention. Augmented reality capabilities could enhance emergency responder
situational awareness through heads-up displays providing real-time incident information, navigation guidance,
and victim information overlays. Drone integration for immediate incident assessment and communication relay
in remote areas presents opportunities for expanded coverage and faster initial response.

Blockchain technology could provide immutable incident records for legal and insurance purposes while
maintaining privacy protections through zero-knowledge proofs. IoT sensor network integration could provide
environmental monitoring capabilities detecting hazardous material releases, fire conditions, or structural damage
associated with vehicular incidents. The demonstrated success of context-aware emergency
response systems indicates significant potential for broader deployment and continued research investment.
Future work will focus on expanding emergency service integrations, enhancing machine learning capabilities,
and developing next- generation context awareness through advanced sensor fusion and predictive analytics.

In addition, future development pathways should emphasize scalability and interoperability with existing
emergency management infrastructure. Establishing standardized communication protocols will ensure seamless
data exchange between diverse stakeholders including law enforcement, healthcare facilities, fire services, and
disaster management authorities. Cloud-native architectures can enhance real-time processing, enabling the
system to handle large-scale emergencies such as natural disasters where multiple incidents occur
simultaneously.

From a user perspective, enhancing multi-language support, voice-activated alerts, and offline functionality in
low- connectivity areas will significantly broaden accessibility. Edge computing can further optimize latency,
ensuring that life-saving alerts and responses occur even in bandwidth-constrained environments.On the research
side, incorporation of federated learning could allow the system to continuously improve its models without
compromising user privacy by sharing raw data. Ethical considerations will remain central, requiring transparent
algorithmic decision-making and bias mitigation to ensure equitable service delivery across different
demographic groups. Finally, partnerships with government agencies, NGOs, and private technology firms will
be crucial in moving from pilot- scale implementations to widespread adoption. By fostering cross-sector
collaboration, the Emergency Assistance Locator has the potential to evolve into a holistic global emergency
response ecosystem, ultimately minimizing response times, optimizing resource deployment, and saving
countless lives.

Beyond the immediate enhancements, future work can also explore integration with satellite communication
networks to ensure uninterrupted connectivity in disaster-prone or remote regions where terrestrial networks fail.
The adoption of 5G and beyond (6G) communication technologies will further reduce latency, enabling near-
instantaneous emergency responses and supporting high-bandwidth features like live video streaming from
incident sites. Another key direction is the development of digital twins for emergency response—yvirtual replicas
of cities and transport networks where real-time incident data can be simulated, analyzed, and used to optimize
deployment strategies before responders reach the scene. Combined with Al-driven predictive analytics, this
could allow authorities to anticipate cascading effects of emergencies (traffic congestion, secondary accidents,
crowd movement) and take pre-emptive measures.

The system could also incorporate wearable health monitoring devices, providing responders with immediate
access to victims’ vital signs, medical history, and allergies, ensuring faster and safer triage. Emotion and stress
detection through voice or video analysis could aid in prioritizing psychological support during high-stress
incidents.
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