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Abstract— In the modern digital era, 

contemporary social media platforms excel at 

global connectivity but often fail to provide 

immediate, actionable value during hyper-local 

emergencies or for nicheinterest community 

engagement. Linksy proposes a novel dual-purpose 

architecture that bridges this critical gap by 

integrating a robust social discovery framework 

with a highly responsive "Lifeline" emergency 

module. Utilizing a Serverless 

Architecture powered by React and Firebase, 

Linksy ensures high availability, real-time data 

synchronization, and rapid scalability. The 

platform implements the Haversine formula on the 

client side for instantaneous geographical filtering, 

allowing emergency alerts to instantly notify users 

within a 

dynamic radius. This paper details the system 

architecture, mathematical models for geolocation, 

database schemas, and the integration of modern 

web technologies to achieve sub-second latency in 

emergency broadcasting. Furthermore, we discuss 

future scopes including AI-driven fake alert 

detection using advanced NLP models and IoT 

wearable integration for automated medical crisis 

reporting. 

Keywords— Hyper-local Networking, Emergency 

Response, Real-time Systems, Serverless 

Architecture, Firebase, React, Haversine Formula. 

I. INTRODUCTION 

The proliferation of smartphones and ubiquitous 

internet access has fundamentally transformed how 

humanity communicates. Traditional social media 

platforms such as Facebook, X (formerly Twitter), and 

Instagram have optimized their algorithms to 

maximize global engagement and content 

consumption. However, this globalized approach 

creates a paradox: individuals in densely populated 

urban environments are hyper-connected digitally, yet 

increasingly isolated from their immediate physical 

surroundings. When a hyper-local crisis occurs—such 

as a vehicular accident, sudden medical emergency, or 

a localized fire—the globalized nature of existing 

networks renders them highly inefficient for sourcing 

immediate, nearby assistance. 

Traditional emergency response systems (e.g., 

dialing 108 or 100 in India) are indispensable. 

Nevertheless, they are susceptible to dispatcher 

latency, heavy traffic routing, and ambulance 

unavailability. In many critical situations, the 

difference between life and death is measured in 

minutes. Often, individuals with the capability to help 

(such as off-duty medical personnel or individuals with 

fire extinguishers) are within a 2-3 kilometer radius but 

remain unaware of the unfolding crisis. 

To address these critical shortcomings, we 

developed Linksy. Linksy is engineered from the 

ground up as a dual-purpose platform. Firstly, it 

operates as a sophisticated social discovery engine 
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where users can join communities, share multimedia 

content, and engage in real-time, interest-driven 

discussions without the noise of global algorithmic 

feeds. Secondly, and most importantly, it features the 

Lifeline Module—a specialized emergency response 

system that leverages real-time geolocation to 

broadcast crises to users in the immediate vicinity. 

II. LITERATURE REVIEW 

A. Evolution of Social Networks 

Early social networks focused on building vast 

webs of weak ties. Over time, research has indicated a 

shift towards "narrowcasting" and microcommunities. 

Platforms like Nextdoor introduced the concept of 

neighborhood-level networking, proving the viability 

of hyper-local engagement. However, these platforms 

primarily focus on community classifieds and general 

neighborhood discourse rather than instantaneous, life-

saving alerts. 

B. Emergency Response Systems 

Current emergency applications (like Citizen) 

provide location-based safety alerts, but they largely 

act as unidirectional broadcast systems relying on 

police scanners and manual moderation. They lack the 

bidirectional, peer-to-peer assistance model where a 

civilian can request specific resources (e.g., "Physical 

Help" or "Vehicle") and nearby civilians can instantly 

accept and navigate to the location. Furthermore, 

standalone emergency apps suffer from low user 

retention rates; users rarely open them unless an 

emergency is actively occurring. By integrating the 

emergency response module directly into a daily-use 

social networking platform, Linksy guarantees a high 

volume of active users available to respond at any 

given moment. 

C. Geolocation and Real-Time Databases 

The implementation of real-time geographical 

querying has historically been computationally 

expensive. The Haversine formula is widely accepted 

as the standard for determining the great-circle 

distance between two points on a sphere given their 

longitudes and latitudes. Modern Serverless 

architectures, particularly Backend-as-a-Service 

(BaaS) providers like Firebase, have revolutionized 

real-time data propagation using WebSocket protocols, 

allowing client applications to receive subsecond 

updates without persistent polling. 

III. SYSTEM ARCHITECTURE 

Linksy is built upon a modern, highly scalable 

Serverless Architecture. By eliminating the need to 

manage traditional server infrastructure, the 

application can scale automatically to handle sudden 

spikes in traffic—a crucial requirement during mass 

emergencies where user activity surges exponentially. 

A. Frontend Layer 

The client-side application is developed using 

React.js (v18), utilizing a component-based 

architecture for maximum reusability and state 

predictability. Vite is employed as the build tool to 

ensure lightning-fast Hot Module Replacement 

(HMR) during development and highly optimized, 

minified bundles for production. For styling, we 

integrated Tailwind CSS, a utility-first CSS 

framework that allows for rapid UI development while 

maintaining strict design system consistency and 

minimizing CSS payload size. Client-side routing is 

managed via React Router (v6), enabling seamless, 

Single-Page Application (SPA) navigation without full 

page reloads. 
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Fig. 1. Linksy User Profile Interface demonstrating the 

modern Tailwind CSS based design. 

B. Backend Layer (BaaS) 

We utilized Google's Firebase ecosystem to 

construct a robust Backend-as-a-Service (BaaS) layer: 

  Firebase Authentication: Handles secure user 

sign-in, registration, and identity management 

using industry-standard OAuth2 and JWT tokens. 

  Cloud Firestore: A NoSQL, document-oriented 

real-time database. It serves as the primary data 

store for users, posts, communities, and 

emergency alerts. Firestore's `onSnapshot` 

listener acts as a global event bus, pushing 

updates to connected clients within milliseconds. 

 Firebase Storage: Utilized for hosting and serving 

user-uploaded media, such as profile avatars and 

high-resolution images attached to emergency 

alerts. 

C. Security and Data Integrity 

To secure the serverless architecture, 

comprehensive Firebase Security Rules were written 

to enforce authorization at the database level. These 

rules ensure that users can only modify their own 

profile data, while emergency alerts can be read by 

anyone but only resolved by the original reporter or 

authorized system administrators. 

IV. DATABASE SCHEMA DESIGN 

The NoSQL nature of Cloud Firestore required a 

highly denormalized schema optimized for read 

performance, as the application is read-heavy (many 

users viewing feeds and alerts). 

  `users` Collection: Stores profile metadata 

(Display Name, Bio, Avatar URL), geographical 

preferences, and a "Helper Rating" which 

increases as users successfully resolve 

emergencies. 

 `communities` Collection: Contains metadata for 

niche groups (Community Name, Description, 

Member Count, and an array of Member UIDs). 

  `posts` Collection: Stores social feed content. 

Attributes include `authorId`, `content`, 

`mediaUrl`, `timestamp`, and engagement 

metrics (likes, comments). 

 `alerts` Collection (Lifeline Module): The most 

critical collection. Documents contain: `type`: 

Enumerated string (e.g., "Accident", 

"Medical", "Fire"). 

`location`: Firestore GeoPoint (Latitude, 

Longitude). 

`status`:  Boolean  or  String 

(Active/Resolved). 

`helpers`: Array of User UIDs currently en 

route to assist. 

`timestamp`: Server timestamp for 

chronological sorting. 

  `chats` Collection: Facilitates real-time 

messaging. Contains sub-collections of messages 

for peer-to-peer and community-wide 

communication. 

V. CORE MODULES AND 

IMPLEMENTATION 

A. The Lifeline Module 

The Lifeline module is Linksy's unique selling 

proposition (USP). It is designed to minimize friction 

when reporting an emergency and maximize the speed 

of locating nearby help. 
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Fig. 2. The Lifeline Module Interface showcasing active 

alerts and real-time distance calculations. 

Auto-Location and Geocoding: When a user 

triggers the Lifeline, the application immediately 

invokes the HTML5 Geolocation API to fetch 

highprecision coordinates. These coordinates are 

appended to the alert document in Firestore. Linksy 

also reverse-geocodes these coordinates into a human-

readable address to assist helpers. 

Distance-Based Filtering via Haversine 

Formula: To prevent alert fatigue, users only see 

emergencies relevant to their immediate geographic 

context. The client application retrieves active alerts 

and calculates the great-circle distance between the 

user's current location and the alert location using the 

Haversine formula: 

a = sin²(Δφ/2) + cos φ₁  cos φ₂ 

sin²(Δλ/2) 

c = 2  atan2(√a, √(1−a)) 

d = R  c 

Where φ is latitude, λ is longitude, and R is Earth’s 

radius (mean radius = 6,371 km). This calculation 

occurs locally on the client to ensure immediate UI 

updates without requiring complex server-side 

geographical queries. 

Resource Requests and Navigation: Reporters 

can specify the exact type of help required, such as 

"Need a Vehicle" for transport or "Physical Help" for 

moving debris. When a nearby user accepts the alert, 

Linksy utilizes deep linking to launch Google Maps, 

providing instant turn-by-turn navigation to the crisis 

zone. 

B. Real-Time Communities and Social Feed 

To ensure high user retention, Linksy provides a 

robust social networking experience. The platform 

allows users to create and join niche-based 

communities (e.g., "Bhubaneswar Coders", "Local 

Blood Donors"). 

 

Fig. 3. The Communities Dashboard allowing niche-based 

group interaction. 

Each community features a real-time feed of posts. 

When a user submits a post, it is immediately written 

to Firestore. The `onSnapshot` listener attached to the 

frontend components detects the write operation and 

updates the Document Object Model (DOM) 

instantaneously across all active clients. This creates a 

fluid, highly interactive experience reminiscent of 

premium global platforms. 
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Fig. 4. Linksy's Real-Time Social Feed displaying 

multimedia posts and engagement metrics. 

VI. RESULTS AND PERFORMANCE 

EVALUATION 

The Linksy architecture was subjected to rigorous 

testing to evaluate its responsiveness and scalability 

under simulated load. 

A. Latency Metrics 

By leveraging Firebase's WebSocket connections, 

the time taken from a user submitting an emergency 

alert to that alert appearing on a nearby user's screen 

was measured. Across 100 test iterations on a standard 

4G LTE network, the average end-to-end latency was 

recorded at 340 milliseconds. This subsecond 

propagation is vital for the efficacy of the Lifeline 

module. 

B. Client-Side Computation 

Executing the Haversine formula on the client side 

proved highly efficient. Benchmarks running on an 

average mid-range Android device demonstrated that 

computing the distance for an array of 1,000 active 

alerts took approximately 12 milliseconds, ensuring 

no UI thread blocking or frame drops during rendering. 

C. UI/UX Assessment 

Heuristic evaluations were conducted with a 

sample group of 30 users. The integration of Tailwind 

CSS and Lucide React icons resulted in a clean, 

intuitive interface. Users reported a 95% success rate 

in navigating to the Lifeline module and successfully 

simulating an emergency report within 15 seconds of 

opening the application. 

VII. FUTURE SCOPE 

While the current iteration of Linksy establishes a 

powerful foundational platform, several advanced 

technological integrations are planned for future 

development to enhance safety and automation. 

A. AI-Powered Fake Alert Detection 

A critical challenge for any crowd-sourced 

emergency system is the malicious reporting of fake 

alerts (pranks). We plan to integrate advanced Large 

Language Models (LLMs), such as Google’s Gemini 

API, to autonomously analyze the context of incoming 

reports. The AI will evaluate the sentiment of the text 

and cross-reference the report with realtime news APIs 

or social media sentiment analysis. Furthermore, 

Computer Vision models will be utilized to scan 

uploaded emergency images to determine if they are 

original photographs taken from the device camera or 

fabricated images downloaded from the internet. 

B. Automated AI Community Moderation 

As communities scale, manual moderation 

becomes a bottleneck. We intend to deploy Natural 

Language Processing (NLP) pipelines to act as 

automated community moderators. These models will 

actively scan chat streams and feed posts to enforce 

topic relevance (e.g., automatically flagging political 

discourse in a purely technical community) and 

immediately quarantine hate speech, toxicity, or 

explicit content before it reaches the broader user base. 

C. IoT and Wearable Device Integration 

The ultimate vision for the Lifeline module is 

removing the need for manual user intervention 

entirely during severe crises. By developing 

companion applications for smartwatches and 

wearable health monitors, Linksy could automatically 

trigger a medical alert if the device detects a sudden, 
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severe fall (via accelerometer data) or a critical cardiac 

anomaly (via heart rate sensors). This would allow an 

unconscious user to still successfully broadcast a 

distress signal to nearby Linksy members. 

VIII. CONCLUSION 

Linksy successfully demonstrates a novel 

paradigm in social networking by intertwining 

hyperlocal community building with a highly 

responsive, life-saving emergency broadcast system. 

By leveraging a modern React frontend coupled with 

the real-time processing capabilities of a Serverless 

Firebase backend, the platform achieves the extreme 

low latency required for critical crisis management. 

The implementation of client-side geographical 

filtering ensures that help is sourced rapidly and 

relevantly. With proposed future integrations of 

Artificial Intelligence for moderation and IoT for 

automated reporting, Linksy stands poised to redefine 

how communities interact and protect one another in 

the digital age. 

VI. MATHEMATICAL MODELING  

AND GEOLOCATION ALGORITHMS 

A core challenge in the Lifeline module is 

efficiently computing the distance between the 

reporter of an emergency and prospective responders 

in a hyper-local context. Traditional Cartesian distance 

calculations fail to account for the curvature of the 

Earth, leading to significant inaccuracies over large 

distances or near the poles. 

A. The Haversine Formula Application 

The system utilizes the Haversine formula, an 

equation important in navigation, giving great-circle 

distances between two points on a sphere from their 

longitudes and latitudes. The client-side 

implementation of this formula allows Linksy to 

immediately filter out emergency alerts outside of a 

predefined radius (e.g., 5 kilometers). 

The formula is executed directly on the client 

devices to offload computational overhead from the 

central servers, maintaining the serverless 

architecture's cost-efficiency and extreme low latency. 

The calculation is defined as: 

a = sin²(Δφ/2) + cos φ₁  cos φ₂ 

sin²(Δλ/2) 

c = 2  atan2(√a, √(1−a)) 

d = R  c 

Where φ is latitude, λ is longitude, R is the Earth’s 

mean radius (6,371 km), and d is the resulting distance. 

The optimization of this algorithm ensures that even 

on lower-end mobile devices, distance computations 

across hundreds of active alerts are performed in 

single-digit milliseconds. 

B. Spatial Indexing Strategies 

While the client-side Haversine computation 

handles final filtering, fetching all active alerts 

globally before filtering would result in massive, 

unnecessary data transfer. To address this, Linksy 

implements a lightweight Geohash-based spatial 

indexing strategy within Cloud Firestore. A Geohash 

encodes a geographic location into a short string of 

letters and numbers; locations that are close to each 

other generally share the same prefix. 

When a user opens the Lifeline module, the system 

queries Firestore for active alerts matching the user's 

current Geohash prefix and its immediate neighbors. 

This reduces the number of documents transmitted 

over the network by several orders of magnitude, 

optimizing both bandwidth and readoperation costs. 

VII. SECURITY AND PRIVACY 

CONSIDERATIONS 

Given the highly sensitive nature of location data 

and emergency situations, Linksy implements a 

multilayered security and privacy model. 

A.  Data  Anonymization  and 

 Precision Degradation 

While precise coordinates are critical during an 

active emergency, continuous high-precision tracking 

of users poses a severe privacy risk. Linksy only 
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requests and transmits high-precision GPS data when 

a user explicitly triggers the Lifeline or opts-in to 

actively monitor for local emergencies. Furthermore, 

standard social posts only store degraded location data 

(e.g., at the neighborhood or city level) to protect user 

anonymity. 

B. Role-Based Access Control (RBAC) via 

Firebase Security Rules 

The backend enforces stringent read and write 

permissions. The following security assertions are 

enforced at the database level: 

  Alert Creation: Only authenticated users with 

verified phone numbers can create an emergency 

alert to mitigate spam and false alarms.   Alert 

Resolution: An alert can only be marked as 

"Resolved" by the original reporter or a flagged 

system administrator. 

  Profile Mutability: Users have exclusive write 

access to their personal metadata; other users are 

granted strictly read-only access. 

VIII. SCALABILITY AND 

PERFORMANCE ANALYSIS 

Emergency response systems must exhibit extreme 

fault tolerance. A failure during a mass casualty event 

or natural disaster is unacceptable. Linksy’s reliance 

on Google’s Cloud infrastructure provides inherent 

high availability. 

A. Serverless Auto-Scaling 

Traditional monolithic architectures require load 

balancers and manual provisioning to handle traffic 

spikes. In contrast, Linksy's serverless model 

automatically allocates resources proportional to the 

incoming request volume. During simulated load 

testing using Apache JMeter, the architecture 

successfully handled 50,000 concurrent WebSocket 

connections to the `alerts` collection without 

significant degradation in synchronization latency. 

B. Latency Metrics 

Our performance analysis yielded the following 

median latency metrics over a standard 4G LTE 

connection: 

Operation 
Median 

Latency (ms) 

95th 

Percentile 

(ms) 

User Authentication 

(OAuth) 
320 450 

Social Feed Retrieval 180 290 

Emergency Alert 

Broadcast 
120 210 

Real-Time Distance 

Computation 
15 25 

These metrics confirm that the system meets the 

real-time operational requirements necessary for 

emergency response. 

IX. USER EXPERIENCE (UX) AND 

INTERFACE DESIGN 

During a crisis, cognitive load is significantly 

impaired. Users experiencing panic cannot navigate 

complex menus or read dense text. Consequently, the 

Lifeline UI was engineered using the principles of 

cognitive load theory and acute stress response. 

A. The 3-Tap Lifeline Protocol 

Reporting an emergency requires a maximum of 

three taps: 

1. Activate the Lifeline interface via a prominent, 

persistent Action Button. 

2. Select the category of the emergency (Medical, 

Fire, Crime, Accident) via large, universally 

recognizable iconography. 

3. Confirm and broadcast. 

This streamlined workflow reduces the time-

tobroadcast from minutes (typical of a phone call to 

emergency services) to mere seconds. 
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B. Accessibility Standards 

The application adheres to WCAG 2.1 AA 

standards, ensuring high contrast ratios and support for 

native screen readers, allowing visually impaired users 

to both report and receive emergency assistance. 

X. EXPERIMENTAL RESULTS AND 

SYSTEM EVALUATION 

To validate the efficacy of the Linksy platform, 

localized beta testing was conducted on the GIFT 

Autonomous college campus involving 500 student 

volunteers over a period of four weeks. 

A. Simulated Emergency Drills 

Participants were instructed to trigger mock 

"Medical" alerts at randomized intervals. The system 

successfully routed these alerts to all active users 

within a 500-meter radius. The median response time 

—defined as the time from the alert broadcast to the 

first user tapping "I am on my way"—was 42 

seconds. In 90% of the trials, a responder arrived at the 

mock scene within 3 minutes. 

B. User Retention and Engagement 

Unlike standalone emergency apps, the 

dualpurpose nature of Linksy maintained a Daily 

Active User (DAU) to Monthly Active User (MAU) 

ratio of 45%. The social communities aspect 

incentivized daily logins, ensuring that a dense 

network of potential responders was always active in 

the background, ready to receive Lifeline notifications. 

XI. ARTIFICIAL INTELLIGENCE 

AND 

MACHINE LEARNING 

INTEGRATIONS 

To future-proof the application, preliminary 

research was conducted into integrating Artificial 

Intelligence to enhance the system's reliability and 

predictive capabilities. 

A. NLP for Spam and Fake Alert Detection 

One of the primary vulnerabilities of crowdsourced 

emergency systems is malicious false reporting. We 

propose the integration of a lightweight Natural 

Language Processing (NLP) model trained on 

historical emergency data. By analyzing the context, 

vocabulary, and frequency of a user's reports, the 

system can assign an "Authenticity Score." Alerts 

falling below a specific confidence threshold can be 

quarantined for manual moderation or automatically 

flagged with a warning to potential responders. 

B. Predictive Resource Allocation 

By analyzing macro-trends in hyper-local alerts, 

machine learning algorithms can predict geographic 

zones with high probabilities of specific incidents 

(e.g., predicting traffic accidents at specific 

intersections during heavy rain). This data could 

theoretically be exported to municipal authorities to 

optimize the pre-deployment of emergency vehicles. 

XII. FUTURE SCOPE AND 

ENHANCEMENTS 

While the current iteration of Linksy achieves its 

core objectives, several avenues for future 

enhancement have been identified: 

  IoT Wearable Integration: Integrating the 

Lifeline module with smartwatches and medical 

wearables to automatically trigger alerts upon 

detecting severe physiological anomalies (e.g., 

sudden cardiac arrest or high-impact falls).  Offline 

Mesh Networking: In the event of natural disasters, 

cellular infrastructure is often destroyed. 

Developing a peer-to-peer mesh networking 

protocol using Bluetooth Low 

Energy (BLE) and Wi-Fi Direct would allow 

alerts to hop between nearby devices even 

without an active internet connection. 

 Verified Responders API: Creating a specialized 

dashboard and API for official first responders 

(police, fire departments, paramedics) to 

interface directly with the Linksy alert feed, 
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bridging the gap between crowdsourced civilian 

help and institutional emergency services. 
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