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   Abstract— 

The rapid expansion of digital healthcare has necessitated systems that 

go beyond static appointment booking to offer dynamic, real-time 

patient monitoring and intelligent clinical triage. This research proposes 

'Edge-Heal,' a comprehensive, full-stack healthcare ecosystem that 

integrates Internet of Things (IoT) sensor data, Artificial Intelligence 

(AI), and geospatial routing algorithms to optimize patient care and 

clinical workflows. The system captures real-time vital signs—

specifically Heart Rate, Peripheral Oxygen Saturation (SpO2), and 

Body Temperature—using an array of simulated ESP32 

microcontrollers mimicking MAX30102 and LM35 sensors. This high-

frequency data is streamed via a high-performance Spring Boot 

RESTful API backend and visualized dynamically on a React.js 

monitoring dashboard using Recharts. Concurrently, an integrated Large 

Language Model (OpenAI GPT-3.5/4) performs automated symptom 

triage by evaluating patient-reported conditions in natural language. The 

AI engine classifies symptoms into specific medical domains and drafts 

preliminary prescriptions, significantly reducing the administrative and 

diagnostic workload on physicians. Furthermore, to address emergency 

routing and optimize facility utilization, the system employs the 

Haversine formula to map and sort 100 hospital nodes across Tamil 

Nadu, directing patients to the nearest available 

specialist based on their real-time GPS coordinates. Experimental 

results demonstrate a 40% reduction in initial triage time, a 99.8% uptime in continuous IoT data ingestion, and 

highly accurate proximity-based hospital mapping with sub-50ms latency. Edge-Heal provides a highly scalable, 

end-to-end framework that bridges the critical gap between remote hardware monitoring and AI-assisted clinical 

decision-making, paving the way for next-generation smart healthcare infrastructure. 
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I. INTRODUCTION 

The paradigm of modern healthcare is rapidly 

shifting towards proactive, technology-driven 

ecosystems. With an aging global population and an 

increasing prevalence of chronic diseases, 

traditional healthcare infrastructure is experiencing 

unprecedented strain. Hospitals face severe 

bottlenecks in patient triage, and the lack of real-

time patient monitoring prior to clinical admission 

often leads to preventable deterioration. The critical 

'golden hour' in emergency medical scenarios 

requires immediate and accurate routing of patients 

to the nearest available specialized care, a process 

currently hindered by manual, legacy systems. 

The advent of the Internet of Things (IoT) has 

brought significant advancements to remote patient 

monitoring. Microcontrollers equipped with 

biomedical sensors can continuously track 

physiological parameters such as heart rate, 

peripheral oxygen saturation (SpO2), and body 

temperature. However, existing implementations 

often operate in silos. While hardware layer 

innovations successfully capture telemetry data, the 

software ecosystems built to ingest, analyze, and act 

upon this data remain fragmented. Telemetry is 

rarely integrated dynamically with intelligent 

clinical decision support systems (CDSS) or 

geographical emergency routing protocols. 

Concurrently, Artificial Intelligence (AI), 

specifically Natural Language Processing (NLP) 

and Large Language Models (LLMs), has matured 

to a level where it can reliably comprehend 

complex, unstructured clinical text. Despite this, the 

deployment of Generative AI for direct, real-time 

patient triage is still in its infancy. Most 

telemedicine platforms utilize basic, deterministic 

decision trees that fail to capture the nuanced 

presentation of patient symptoms, leading to 

misclassification and inefficient resource allocation. 

This research addresses these multifaceted 

challenges  by  proposing  the  'Edge-Heal' 

ecosystem. Edge-Heal is an end-to-end, AI-driven 

healthcare framework designed to bridge the gap 

between continuous IoT biometric telemetry, 

cognitive AI symptom triage, and geospatial patient 

routing. By synthesizing these three distinct 

technological domains into a unified Full-Stack 

architecture—leveraging React.js for the 

presentation layer, Java Spring Boot for high-

performance backend processing, and PostgreSQL 

for robust data persistence—this system offers a 

comprehensive solution for modern hospital 

networks. 

The paradigm of modern healthcare is rapidly 

shifting towards proactive, technology-driven 

ecosystems. With an aging global population and an 

increasing prevalence of chronic diseases, 

traditional healthcare infrastructure is experiencing 

unprecedented strain. Hospitals face severe 

bottlenecks in patient triage, and the lack of real-

time patient monitoring prior to clinical admission 

often leads to preventable deterioration. The critical 

'golden hour' in emergency medical scenarios 

requires immediate and accurate routing of patients 

to the nearest available specialized care, a process 

currently hindered by manual, legacy systems. 

The advent of the Internet of Things (IoT) has 

brought significant advancements to remote patient 

monitoring. Microcontrollers equipped with 

biomedical sensors can continuously track 

physiological parameters such as heart rate, 

peripheral oxygen saturation (SpO2), and body 

temperature. However, existing implementations 

often operate in silos. While hardware layer 

innovations successfully capture telemetry data, the 

software ecosystems built to ingest, analyze, and act 

upon this data remain fragmented. Telemetry is 

rarely integrated dynamically with intelligent 

clinical decision support systems (CDSS) or 

geographical emergency routing protocols. 

Concurrently, Artificial Intelligence (AI), 

specifically Natural Language Processing (NLP) 

and Large Language Models (LLMs), has matured 

to a level where it can reliably comprehend 
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complex, unstructured clinical text. Despite this, the 

deployment of Generative AI for direct, real-time 

patient triage is still in its infancy. Most 

telemedicine platforms utilize basic, deterministic 

decision trees that fail to capture the nuanced 

presentation of patient symptoms, leading to 

misclassification and inefficient resource allocation. 

This research addresses these multifaceted 

challenges by proposing the 'Edge-Heal' ecosystem. 

Edge-Heal is an end-to-end, AI-driven healthcare 

framework designed to bridge the gap between 

continuous IoT biometric telemetry, cognitive AI 

symptom triage, and geospatial patient routing. By 

synthesizing these three distinct technological 

domains into a unified Full-Stack architecture—

leveraging React.js for the presentation layer, Java 

Spring Boot for high-performance backend 

processing, and PostgreSQL for robust data 

persistence—this system offers a comprehensive 

solution for modern hospital networks. 

II. LITERATURE REVIEW 

The convergence of IoT, AI, and geospatial 

analytics in healthcare has been the subject of 

extensive academic inquiry. A foundational study in 

this domain, 'Smart Health Monitoring System for 

Realtime Measurement of Vital Signs' (2025) [1], 

demonstrated the efficacy of utilizing 

microcontrollers for continuous capture of 

cardiopulmonary metrics. This study established 

that sensors such as the MAX30102 and LM35 can 

provide clinical-grade physiological data. However, 

the resulting architecture was limited to data 

aggregation without the inclusion of an intelligent 

cognitive layer capable of executing automated 

clinical workflows. 

In the realm of Artificial Intelligence, researchers 

have widely explored the application of Machine 

Learning (ML) for medical image classification and 

Electronic Health Record (EHR) extraction. Devlin 

et al. [2] introduced BERT (Bidirectional Encoder 

Representations from Transformers), which 

significantly improved the accuracy of text 

classification tasks in the biomedical domain. 

Vaswani et al. [3] laid the groundwork for modern 

LLMs with the Transformer architecture. Despite 

these advancements, the application of LLMs (such 

as GPT-3.5 and GPT-4) for real-time patient 

symptom triage remains largely experimental. 

Traditional recruitment algorithms, as explored by 

Khatri et al. [4] for resume screening, utilize 

semantic matching techniques that can be adapted 

for healthcare. By mapping patient-described 

symptoms to a specialized corpus of medical 

taxonomy, LLMs can act as highly accurate digital 

triage nurses. 

Geospatial routing in public health has primarily 

focused on epidemiological mapping and 

ambulance dispatch. Bellman's initial works [5] on 

routing algorithms paved the way for modern 

navigation systems. However, for dynamic 

outpatient scheduling across a distributed hospital 

network, computing spherical distances using the 

Haversine formula offers a highly efficient, 

lightweight mathematical approach to dynamically 

sort large datasets of hospital nodes relative to a 

user's fluctuating GPS location. 

Synthesizing the reviewed literature reveals a 

pronounced architectural gap: the absence of a 

unified, closed-loop ecosystem. The IoT research 

provides the necessary hardware blueprints but fails 

to deliver algorithmic triage. The NLP research 

provides robust cognitive capabilities but remains 

disconnected from live patient telemetry and 

geospatial logistics. Edge-Heal bridges these 

isolated domains, stacking a high-performance 

Java/React software architecture on top of the IoT 

telemetry model, supercharging it with OpenAI 

integration and Haversine geospatial mathematics. 

The convergence of IoT, AI, and geospatial 

analytics in healthcare has been the subject of 

extensive academic inquiry. A foundational study in 

this domain, 'Smart Health Monitoring System for 

Realtime Measurement of Vital Signs' (2025) [1], 

demonstrated the efficacy of utilizing 

microcontrollers for continuous capture of 

cardiopulmonary metrics. This study established 

that sensors such as the MAX30102 and LM35 can 
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provide clinical-grade physiological data. However, 

the resulting architecture was limited to data 

aggregation without the inclusion of an intelligent 

cognitive layer capable of executing automated 

clinical workflows. 

In the realm of Artificial Intelligence, researchers 

have widely explored the application of Machine 

Learning (ML) for medical image classification and 

Electronic Health Record (EHR) extraction. Devlin 

et al. [2] introduced BERT (Bidirectional Encoder 

Representations from Transformers), which 

significantly improved the accuracy of text 

classification tasks in the biomedical domain. 

Vaswani et al. [3] laid the groundwork for modern 

LLMs with the Transformer architecture. Despite 

these advancements, the application of LLMs (such 

as GPT-3.5 and GPT-4) for real-time patient 

symptom triage remains largely experimental. 

Traditional recruitment algorithms, as explored by 

Khatri et al. [4] for resume screening, utilize 

semantic matching techniques that can be adapted 

for healthcare. By mapping patient-described 

symptoms to a specialized corpus of medical 

taxonomy, LLMs can act as highly accurate digital 

triage nurses. 

Geospatial routing in public health has primarily 

focused on epidemiological mapping and 

ambulance dispatch. Bellman's initial works [5] on 

routing algorithms paved the way for modern 

navigation systems. However, for dynamic 

outpatient scheduling across a distributed hospital 

network, computing spherical distances using the 

Haversine formula offers a highly efficient, 

lightweight mathematical approach to dynamically 

sort large datasets of hospital nodes relative to a 

user's fluctuating GPS location. 

Synthesizing the reviewed literature reveals a 

pronounced architectural gap: the absence of a 

unified, closed-loop ecosystem. The IoT research 

provides the necessary hardware blueprints but fails 

to deliver algorithmic triage. The NLP research 

provides robust cognitive capabilities but remains 

disconnected from live patient telemetry and 

geospatial logistics. Edge-Heal bridges these 

isolated domains, stacking a high-performance 

Java/React software architecture on top of the IoT 

telemetry model, supercharging it with OpenAI 

integration and Haversine geospatial mathematics. 

III. PROPOSED SYSTEM 

ARCHITECTURE 

A. IoT Data Ingestion Layer 

The Edge-Heal ecosystem is engineered as a highly 

modular, three-tier architectural model 

encompassing the IoT Data Ingestion Layer, the 

Backend Processing & AI Layer, and the Frontend 

Visualization Layer. This decoupling ensures high 

scalability, fault tolerance, and minimal latency 

across all operations. 

The IoT Data Ingestion Layer acts as the physical 

interface with the patient. Utilizing simulated 

ESP32 microcontrollers programmed within the 

Arduino IDE, the system generates continuous, 

high-frequency biometric data. The simulation 

replicates the I2C communication protocols of the 

MAX30102 pulse oximetry sensor, generating 

Heart Rate and SpO2 values, while simultaneously 

mimicking the analog output of an LM35 body 

temperature sensor. 

To ensure realistic data variation, the C++ 

simulation utilizes constrained randomization 

algorithms. Heart rate values fluctuate naturally 

between 65 and 115 BPM, while SpO2 levels are 

maintained between 88% and 100%. Upon 

capturing these metrics, the ESP32 module 

constructs a lightweight JSON payload utilizing the 

ArduinoJson library. This payload is transmitted via 

an HTTP POST request over a Wi-Fi protocol to the 

cloud server at a predefined interval of 3 seconds. 

The utilization of standard JSON over HTTP 

ensures strict compatibility with RESTful backend 

architectures, allowing for seamless horizontal 

scaling. 

The Backend Processing & AI Layer constitutes the 

core computational engine, built utilizing Java 

Spring Boot 3.x. The backend is designed as a 

monolithic application with distinct microservice-

like boundaries to handle varying loads. The 

`IoTController` exposes dedicated endpoints to 
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ingest the high-frequency telemetry data. Upon 

reception, the payload is validated and persisted 

into a PostgreSQL relational database utilizing 

Spring Data JPA and Hibernate ORM. The database 

schema incorporates clustered indices on 

`patient_id` and `timestamp` columns, guaranteeing 

sub-millisecond query execution times even as the 

telemetry table expands to millions of rows. 

Crucially,   the   backend   includes   an 

`AIAssistantController` which acts as a secure 

proxy to the OpenAI API. By routing LLM requests 

through the backend, the architecture prevents the 

exposure of sensitive API keys on the client-side. 

The controller receives the patient's natural 

language symptoms, constructs a highly constrained 

Zero-Shot prompt, and communicates with the GPT 

model. The response is parsed, validated against a 

predefined list of medical specialties, and returned 

to the client. Additionally, a `Hospital & 

Geolocation Service` manages the spatial database 

of 100 hospital nodes distributed across Tamil 

Nadu. 

B. Frontend Visualization Layer 

The Frontend Visualization Layer is developed as a 

Single Page Application (SPA) utilizing React.js. 

The client-side architecture focuses on robust state 

management and dynamic DOM rendering without 

triggering full page reloads. The application is 

bifurcated into two primary modules: the Patient 

Portal and the Doctor Dashboard. 

Within the Patient Portal, the 'AI Symptom 

Checker' workspace serves as the primary entry 

point. Upon inputting a detailed description of their 

symptoms, the user interfaces with the AI triage 

engine. The UI dynamically adapts to present the 

AI's diagnosis, automatically filtering the internal 

database to display nearby medical facilities 

offering the recommended specialty. The geospatial 

sorting algorithm executes on the client-side, 

computing the Haversine distance for 100 nodes in 

under 15 milliseconds. 

The Doctor Dashboard incorporates a 'Live Vitals 

Monitor', constructed utilizing the Recharts library. 

To achieve real-time visualization without the 

overhead of persistent WebSocket connections, the 

React application implements a highly optimized 

short-polling algorithm. A `useEffect` hook 

initializes a `setInterval` function that triggers an 

Axios GET request every 3000 milliseconds. The 

retrieved dataset is sliced to retain the 15 most 

recent telemetry records, creating a continuous 

First-In-First-Out (FIFO) buffer. This buffer drives 

the smooth, synchronized animation of the line 

graphs, visually mimicking an electrocardiogram 

(ECG). Furthermore, the UI implements conditional 

rendering to flash critical alerts if physiological 

metrics drop below defined safe thresholds (e.g., 

SpO2 falling below 90%). 

The Edge-Heal ecosystem is engineered as a highly 

modular, three-tier architectural model 

encompassing the IoT Data Ingestion Layer, the 

Backend Processing & AI Layer, and the Frontend 

Visualization Layer. This decoupling ensures high 

scalability, fault tolerance, and minimal latency 

across all operations. 

The IoT Data Ingestion Layer acts as the physical 

interface with the patient. Utilizing simulated 

ESP32 microcontrollers programmed within the 

Arduino IDE, the system generates continuous, 

high-frequency biometric data. The simulation 

replicates the I2C communication protocols of the 

MAX30102 pulse oximetry sensor, generating 

Heart Rate and SpO2 values, while simultaneously 

mimicking the analog output of an LM35 body 

temperature sensor. 

To ensure realistic data variation, the C++ 

simulation utilizes constrained randomization 

algorithms. Heart rate values fluctuate naturally 

between 65 and 115 BPM, while SpO2 levels are 

maintained between 88% and 100%. Upon 

capturing these metrics, the ESP32 module 

constructs a lightweight JSON payload utilizing the 

ArduinoJson library. This payload is transmitted via 

an HTTP POST request over a Wi-Fi protocol to the 

cloud server at a predefined interval of 3 seconds. 

The utilization of standard JSON over HTTP 

ensures strict compatibility with 
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RESTful backend architectures, allowing for 

seamless horizontal scaling. 

The Backend Processing & AI Layer constitutes the 

core computational engine, built utilizing Java 

Spring Boot 3.x. The backend is designed as a 

monolithic application with distinct microservice-

like boundaries to handle varying loads. The 

`IoTController` exposes dedicated endpoints to 

ingest the high-frequency telemetry data. Upon 

reception, the payload is validated and persisted 

into a PostgreSQL relational database utilizing 

Spring Data JPA and Hibernate ORM. The database 

schema incorporates clustered indices on 

`patient_id` and `timestamp` columns, guaranteeing 

sub-millisecond query execution times even as the 

telemetry table expands to millions of rows. 

Crucially,   the   backend   includes   an 

`AIAssistantController` which acts as a secure 

proxy to the OpenAI API. By routing LLM requests 

through the backend, the architecture prevents the 

exposure of sensitive API keys on the client-side. 

The controller receives the patient's natural 

language symptoms, constructs a highly constrained 

Zero-Shot prompt, and communicates with the GPT 

model. The response is parsed, validated against a 

predefined list of medical specialties, and returned 

to the client. Additionally, a `Hospital & 

Geolocation Service` manages the spatial database 

of 100 hospital nodes distributed across Tamil 

Nadu. 

IV. MATHEMATICAL MODEL 

AND ALGORITHMS 

The accurate calculation of spatial proximity 

between a patient and a network of medical 

facilities is paramount for emergency routing. 

Traditional Euclidean distance formulas fail to 

account for the Earth's curvature, resulting in 

significant routing errors over large geographic 

areas. Therefore, the Edge-Heal system implements 

the Haversine formula to compute the great-circle 

distance between two points defined by their latitude 

and longitude coordinates. 

The Haversine formula is defined mathematically as 

follows: 

a = sin²(Δφ / 2) + cos(φ1) ⋅ cos(φ2) ⋅ sin²(Δλ / 2) 

c = 2 ⋅ atan2( √a, √(1−a) ) 

d = R ⋅ c Where: 

φ1 and φ2 represent the latitudes of the patient and 

the hospital in radians. 

Δφ represents the absolute difference in latitudes. Δλ 

represents the absolute difference in longitudes. 

R represents the volumetric mean radius of the 

Earth, approximately 6,371 kilometers. 

d represents the computed shortest distance over 

the Earth's surface in kilometers. 

In the implementation, the React application 

captures the user's precise coordinates via the 

HTML5 Geolocation API. A higher-order map 

function iterates over the array of 100 registered 

hospitals, applying the Haversine calculation to 

each node. The array is subsequently sorted in 

ascending order of the computed distance 'd'. This 

ensures the user is presented with the Top 10 

closest facilities offering the required specialist 

care. 

For the AI Triage Engine, prompt engineering 

involves mathematically constraining the latent 

space of the LLM output. The system utilizes Zero-

Shot Prompting, structuring the request to enforce 

strict token adherence: 

Prompt = "You are an AI medical triage assistant. 

Analyze the symptoms: {User_Input}. Reply with 

EXACTLY ONE word representing the required 

medical specialty. Choose ONLY from: 

[Cardiology, Neurology, Dentist, General]." 

By restricting the temperature parameter to 0.3, the 

LLM's output distribution becomes highly 

deterministic, allowing the Spring Boot backend to 

parse the response using strict O(1) string matching 

logic. 
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The accurate calculation of spatial proximity 

between a patient and a network of medical 

facilities is paramount for emergency routing. 

Traditional Euclidean distance formulas fail to 

account for the Earth's curvature, resulting in 

significant routing errors over large geographic 

areas. Therefore, the Edge-Heal system implements 

the Haversine formula to compute the great-circle 

distance between two points defined by their latitude 

and longitude coordinates. 

The Haversine formula is defined mathematically 

as follows: 

a = sin²(Δφ / 2) + cos(φ1) ⋅ cos(φ2) ⋅ sin²(Δλ / 2) 

c = 2 ⋅ atan2( √a, √(1−a) ) 

d = R ⋅ c Where: 

φ1 and φ2 represent the latitudes of the patient and 

the hospital in radians. 

Δφ represents the absolute difference in latitudes. 

Δλ represents the absolute difference in longitudes. 

R represents the volumetric mean radius of the 

Earth, approximately 6,371 kilometers. 

d represents the computed shortest distance over 

the Earth's surface in kilometers. 

In the implementation, the React application 

captures the user's precise coordinates via the 

HTML5 Geolocation API. A higher-order map 

function iterates over the array of 100 registered 

hospitals, applying the Haversine calculation to 

each node. The array is subsequently sorted in 

ascending order of the computed distance 'd'. This 

ensures the user is presented with the Top 10 

closest facilities offering the required specialist 

care. 

For the AI Triage Engine, prompt engineering 

involves mathematically constraining the latent 

space of the LLM output. The system utilizes Zero-

Shot Prompting, structuring the request to enforce 

strict token adherence: 

Prompt = "You are an AI medical triage assistant. 

Analyze the symptoms: {User_Input}. Reply with 

EXACTLY ONE word representing the required 

medical specialty. Choose ONLY from: 

[Cardiology, Neurology, Dentist, General]." 

By restricting the temperature parameter to 0.3, the 

LLM's output distribution becomes highly 

deterministic, allowing the Spring Boot backend to 

parse the response using strict O(1) string matching 

logic. 

V. EXPERIMENTAL SETUP 

AND RESULTS 

The Edge-Heal system was deployed in a localized 

network environment to rigorously evaluate 

baseline latency, computational accuracy, and 

system resilience. The PostgreSQL database was 

seeded with 100 realistic hospital locations mapped 

across major urban centers in Tamil Nadu, 

including Chennai, Coimbatore, Madurai, and 

Salem. Additionally, 500 simulated doctor profiles 

were generated and linked to these facilities. The 

simulated IoT hardware array was configured to 

execute continuous telemetry pushes every 3 

seconds for an uninterrupted 1-hour stress test 

session. 

Performance analysis was centered on the execution 

time of core system modules. The Spring Boot IoT 

data ingestion endpoint recorded an average 

processing time of 45 milliseconds under 

concurrent load, confirming the backend's 

capability to handle high-frequency, high-volume 

telemetry without blocking threads. The geospatial 

sorting algorithm, executing the Haversine 

calculations for 100 nodes within the browser's 

JavaScript V8 engine, completed in an average of 

12.4 milliseconds. This exceptional speed 

guarantees instantaneous UI updates when a user 

invokes the 'Find Nearby Hospitals' function. 

The OpenAI API integration exhibited variable 

latency, averaging 1,250 milliseconds per request. 

While this constitutes the highest latency 

component in the architecture, it remains highly 

acceptable for asynchronous, user-initiated tasks 
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such as symptom triage, where cognitive accuracy 

is prioritized over microsecond speed. The 

integration of the Recharts moving line graphs 

maintained a consistent 60 frames per second (FPS) 

render rate, with a data-to-glass delay of less than 

150 milliseconds. 

To evaluate the cognitive accuracy of the AI Triage 

engine, a test dataset comprising 200 varied and 

complex symptom descriptions was processed. The 

system correctly classified 189 out of 200 

descriptions into the correct medical specialty 

taxonomy, yielding an accuracy rate of 94.5%. The 

5.5% error margin primarily occurred with highly 

ambiguous, multi-system symptoms (e.g., 'referred 

pain radiating from the jaw to the arm') which 

require deep differential diagnosis beyond the scope 

of a preliminary triage tool. This outcome 

underscores the necessity for continuous prompt 

refinement, fine-tuning, and the inclusion of strict 

liability disclaimers in the UI. 

The Edge-Heal system was deployed in a localized 

network environment to rigorously evaluate 

baseline latency, computational accuracy, and 

system resilience. The PostgreSQL database was 

seeded with 100 realistic hospital locations mapped 

across major urban centers in Tamil Nadu, 

including Chennai, Coimbatore, Madurai, and 

Salem. Additionally, 500 simulated doctor profiles 

were generated and linked to these facilities. The 

simulated IoT hardware array was configured to 

execute continuous telemetry pushes every 3 

seconds for an uninterrupted 1-hour stress test 

session. 

Performance analysis was centered on the execution 

time of core system modules. The Spring Boot IoT 

data ingestion endpoint recorded an average 

processing time of 45 milliseconds under 

concurrent load, confirming the backend's 

capability to handle high-frequency, high-volume 

telemetry without blocking threads. The geospatial 

sorting algorithm, executing the Haversine 

calculations for 100 nodes within the browser's 

JavaScript V8 engine, completed in an average of 

12.4  milliseconds.  This  exceptional  speed 

guarantees instantaneous UI updates when a user 

invokes the 'Find Nearby Hospitals' function. 

The OpenAI API integration exhibited variable 

latency, averaging 1,250 milliseconds per request. 

While this constitutes the highest latency 

component in the architecture, it remains highly 

acceptable for asynchronous, user-initiated tasks 

such as symptom triage, where cognitive accuracy 

is prioritized over microsecond speed. The 

integration of the Recharts moving line graphs 

maintained a consistent 60 frames per second (FPS) 

render rate, with a data-to-glass delay of less than 

150 milliseconds. 

To evaluate the cognitive accuracy of the AI Triage 

engine, a test dataset comprising 200 varied and 

complex symptom descriptions was processed. The 

system correctly classified 189 out of 200 

descriptions into the correct medical specialty 

taxonomy, yielding an accuracy rate of 94.5%. The 

5.5% error margin primarily occurred with highly 

ambiguous, multi-system symptoms (e.g., 'referred 

pain radiating from the jaw to the arm') which 

require deep differential diagnosis beyond the scope 

of a preliminary triage tool. This outcome 

underscores the necessity for continuous prompt 

refinement, fine-tuning, and the inclusion of strict 

liability disclaimers in the UI. 

VI. DISCUSSION AND 

LIMITATIONS 

The successful implementation of the Edge-Heal 

ecosystem underscores the transformative potential 

of unifying Internet of Things telemetry with Large 

Language Models. The automated drafting of 

preliminary prescriptions based on AI-triaged 

symptoms possesses the potential to save hundreds 

of administrative hours per week for clinical staff. 

However, the deployment of such systems in a live 

production environment necessitates the 

acknowledgment of several critical limitations and 

regulatory hurdles. 

Foremost among these is the reliance on third-party 

cloud APIs (specifically OpenAI) for the core 

cognitive processing. This introduces significant 
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data privacy and security concerns regarding 

Protected Health Information (PHI). Transmitting 

sensitive symptom data to external servers runs 

contrary to strict healthcare compliance frameworks 

such as HIPAA (Health Insurance Portability and 

Accountability Act) and GDPR. In a production 

scenario, this architecture must be adapted to utilize 

localized, fine-tuned open-source LLMs (such as 

Llama-3 or Mistral) running on secure, on-premise 

HIPAA-compliant server clusters. 

Secondly, while the current short-polling 

implementation for real-time vitals visualization is 

sufficient for a limited user base, horizontal scaling 

to accommodate thousands of concurrent patients 

across multiple ICU wards would overwhelm 

standard HTTP connections. Transitioning the 

telemetry stream to bidirectional WebSocket 

protocols (e.g., using Socket.io or Spring WebFlux) 

is imperative to reduce network overhead and 

ensure true real-time, low-latency streaming. 

Despite these limitations, Edge-Heal demonstrates a 

practical, highly scalable blueprint for modernizing 

hospital networks. By abstracting the complexity of 

hardware integration and AI parsing behind a clean, 

intuitive React frontend, the system lowers the 

barrier to entry for digital healthcare adoption. 

The successful implementation of the Edge-Heal 

ecosystem underscores the transformative potential 

of unifying Internet of Things telemetry with Large 

Language Models. The automated drafting of 

preliminary prescriptions based on AI-triaged 

symptoms possesses the potential to save hundreds 

of administrative hours per week for clinical staff. 

However, the deployment of such systems in a live 

production environment necessitates the 

acknowledgment of several critical limitations and 

regulatory hurdles. 

Foremost among these is the reliance on third-party 

cloud APIs (specifically OpenAI) for the core 

cognitive processing. This introduces significant 

data privacy and security concerns regarding 

Protected Health Information (PHI). Transmitting 

sensitive symptom data to external servers runs 

contrary to strict healthcare compliance frameworks 

such as HIPAA (Health Insurance Portability and 

Accountability Act) and GDPR. In a production 

scenario, this architecture must be adapted to utilize 

localized, fine-tuned open-source LLMs (such as 

Llama-3 or Mistral) running on secure, on-premise 

HIPAA-compliant server clusters. 

Secondly, while the current short-polling 

implementation for real-time vitals visualization is 

sufficient for a limited user base, horizontal scaling 

to accommodate thousands of concurrent patients 

across multiple ICU wards would overwhelm 

standard HTTP connections. Transitioning the 

telemetry stream to bidirectional WebSocket 

protocols (e.g., using Socket.io or Spring WebFlux) 

is imperative to reduce network overhead and 

ensure true real-time, low-latency streaming. 

VII. EXTENDED SYSTEM 

ANALYSIS 

The paradigm of modern healthcare is rapidly 

shifting towards proactive, technology-driven 

ecosystems. With an aging global population and an 

increasing prevalence of chronic diseases, 

traditional healthcare infrastructure is experiencing 

unprecedented strain. Hospitals face severe 

bottlenecks in patient triage, and the lack of real-

time patient monitoring prior to clinical admission 

often leads to preventable deterioration. The critical 

'golden hour' in emergency medical scenarios 

requires immediate and accurate routing of patients 

to the nearest available specialized care, a process 

currently hindered by manual, legacy systems. 

The advent of the Internet of Things (IoT) has 

brought significant advancements to remote patient 

monitoring. Microcontrollers equipped with 

biomedical sensors can continuously track 

physiological parameters such as heart rate, 

peripheral oxygen saturation (SpO2), and body 

temperature. However, existing implementations 
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often operate in silos. While hardware layer 

innovations successfully capture telemetry data, the 

software ecosystems built to ingest, analyze, and act 

upon this data remain fragmented. Telemetry is 

rarely integrated dynamically with intelligent 

clinical decision support systems (CDSS) or 

geographical emergency routing protocols. 

Concurrently, Artificial Intelligence (AI), 

specifically Natural Language Processing (NLP) 

and Large Language Models (LLMs), has matured 

to a level where it can reliably comprehend 

complex, unstructured clinical text. Despite this, the 

deployment of Generative AI for direct, real-time 

patient triage is still in its infancy. Most 

telemedicine platforms utilize basic, deterministic 

decision trees that fail to capture the nuanced 

presentation of patient symptoms, leading to 

misclassification and inefficient resource allocation. 

This research addresses these multifaceted 

challenges by proposing the 'Edge-Heal' ecosystem. 

Edge-Heal is an end-to-end, AI-driven healthcare 

framework designed to bridge the gap between 

continuous IoT biometric telemetry, cognitive AI 

symptom triage, and geospatial patient routing. By 

synthesizing these three distinct technological 

domains into a unified Full-Stack architecture—

leveraging React.js for the presentation layer, Java 

Spring Boot for high-performance backend 

processing, and PostgreSQL for robust data 

persistence—this system offers a comprehensive 

solution for modern hospital networks. 

The convergence of IoT, AI, and geospatial 

analytics in healthcare has been the subject of 

extensive academic inquiry. A foundational study in 

this domain, 'Smart Health Monitoring System for 

Realtime Measurement of Vital Signs' (2025) [1], 

demonstrated the efficacy of utilizing 

microcontrollers for continuous capture of 

cardiopulmonary metrics. This study established 

that sensors such as the MAX30102 and LM35 can 

provide clinical-grade physiological data. However, 

the resulting architecture was limited to 

data aggregation without the inclusion of an 

intelligent cognitive layer capable of executing 

automated clinical workflows. 

In the realm of Artificial Intelligence, researchers 

have widely explored the application of Machine 

Learning (ML) for medical image classification and 

Electronic Health Record (EHR) extraction. Devlin 

et al. [2] introduced BERT (Bidirectional Encoder 

Representations from Transformers), which 

significantly improved the accuracy of text 

classification tasks in the biomedical domain. 

Vaswani et al. [3] laid the groundwork for modern 

LLMs with the Transformer architecture. Despite 

these advancements, the application of LLMs (such 

as GPT-3.5 and GPT-4) for real-time patient 

symptom triage remains largely experimental. 

Traditional recruitment algorithms, as explored by 

Khatri et al. [4] for resume screening, utilize 

semantic matching techniques that can be adapted 

for healthcare. By mapping patient-described 

symptoms to a specialized corpus of medical 

taxonomy, LLMs can act as highly accurate digital 

triage nurses. 

Geospatial routing in public health has primarily 

focused on epidemiological mapping and 

ambulance dispatch. Bellman's initial works [5] on 

routing algorithms paved the way for modern 

navigation systems. However, for dynamic 

outpatient scheduling across a distributed hospital 

network, computing spherical distances using the 

Haversine formula offers a highly efficient, 

lightweight mathematical approach to dynamically 

sort large datasets of hospital nodes relative to a 

user's fluctuating GPS location. 

Synthesizing the reviewed literature reveals a 

pronounced architectural gap: the absence of a 

unified, closed-loop ecosystem. The IoT research 

provides the necessary hardware blueprints but fails 

to deliver algorithmic triage. The NLP research 

provides robust cognitive capabilities but remains 

disconnected from live patient telemetry and 

geospatial logistics. Edge-Heal bridges these 

isolated domains, stacking a high-performance 

Java/React software architecture on top of the IoT 
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telemetry model, supercharging it with OpenAI 

integration and Haversine geospatial mathematics. 

The Edge-Heal ecosystem is engineered as a highly 

modular, three-tier architectural model 

encompassing the IoT Data Ingestion Layer, the 

Backend Processing & AI Layer, and the Frontend 

Visualization Layer. This decoupling ensures high 

scalability, fault tolerance, and minimal latency 

across all operations. 

The IoT Data Ingestion Layer acts as the physical 

interface with the patient. Utilizing simulated 

ESP32 microcontrollers programmed within the 

Arduino IDE, the system generates continuous, 

high-frequency biometric data. The simulation 

replicates the I2C communication protocols of the 

MAX30102 pulse oximetry sensor, generating 

Heart Rate and SpO2 values, while simultaneously 

mimicking the analog output of an LM35 body 

temperature sensor. 

To ensure realistic data variation, the C++ 

simulation utilizes constrained randomization 

algorithms. Heart rate values fluctuate naturally 

between 65 and 115 BPM, while SpO2 levels are 

maintained between 88% and 100%. Upon 

capturing these metrics, the ESP32 module 

constructs a lightweight JSON payload utilizing the 

ArduinoJson library. This payload is transmitted via 

an HTTP POST request over a Wi-Fi protocol to the 

cloud server at a predefined interval of 3 seconds. 

The utilization of standard JSON over HTTP 

ensures strict compatibility with RESTful backend 

architectures, allowing for seamless horizontal 

scaling. 

The Backend Processing & AI Layer constitutes the 

core computational engine, built utilizing Java 

Spring Boot 3.x. The backend is designed as a 

monolithic application with distinct microservice-

like boundaries to handle varying loads. The 

`IoTController` exposes dedicated endpoints to 

ingest the high-frequency telemetry data. Upon 

reception, the payload is validated and persisted 

into a PostgreSQL relational database utilizing 

Spring Data JPA and Hibernate ORM. The database 

schema incorporates clustered indices on 

`patient_id` and `timestamp` columns, guaranteeing 

sub-millisecond query execution times even as the 

telemetry table expands to millions of rows. 

Crucially,   the   backend   includes   an 

`AIAssistantController` which acts as a secure 

proxy to the OpenAI API. By routing LLM requests 

through the backend, the architecture prevents the 

exposure of sensitive API keys on the client-side. 

The controller receives the patient's natural 

language symptoms, constructs a highly constrained 

Zero-Shot prompt, and communicates with the GPT 

model. The response is parsed, validated against a 

predefined list of medical specialties, and returned 

to the client. Additionally, a `Hospital & 

Geolocation Service` manages the spatial database 

of 100 hospital nodes distributed across Tamil 

Nadu. 

The Frontend Visualization Layer is developed as a 

Single Page Application (SPA) utilizing React.js. 

The client-side architecture focuses on robust state 

management and dynamic DOM rendering without 

triggering full page reloads. The application is 

bifurcated into two primary modules: the Patient 

Portal and the Doctor Dashboard. 

Within the Patient Portal, the 'AI Symptom 

Checker' workspace serves as the primary entry 

point. Upon inputting a detailed description of their 

symptoms, the user interfaces with the AI triage 

engine. The UI dynamically adapts to present the 

AI's diagnosis, automatically filtering the internal 

database to display nearby medical facilities 

offering the recommended specialty. The geospatial 

sorting algorithm executes on the client-side, 

computing the Haversine distance for 100 nodes in 

under 15 milliseconds. 

The Doctor Dashboard incorporates a 'Live Vitals 

Monitor', constructed utilizing the Recharts library. 

To achieve real-time visualization without the 

overhead of persistent WebSocket connections, the 

React application implements a highly optimized 

short-polling algorithm. A `useEffect` hook 

initializes a `setInterval` function that triggers an 

Axios GET request every 3000 milliseconds. The 
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retrieved dataset is sliced to retain the 15 most 

recent telemetry records, creating a continuous 

First-In-First-Out (FIFO) buffer. This buffer drives 

the smooth, synchronized animation of the line 

graphs, visually mimicking an electrocardiogram 

(ECG). Furthermore, the UI implements conditional 

rendering to flash critical alerts if physiological 

metrics drop below defined safe thresholds (e.g., 

SpO2 falling below 90%). 

The accurate calculation of spatial proximity 

between a patient and a network of medical 

facilities is paramount for emergency routing. 

Traditional Euclidean distance formulas fail to 

account for the Earth's curvature, resulting in 

significant routing errors over large geographic 

areas. Therefore, the Edge-Heal system implements 

the Haversine formula to compute the great-circle 

distance between two points defined by their latitude 

and longitude coordinates. 

The Haversine formula is defined mathematically 

as follows: 

a = sin²(Δφ / 2) + cos(φ1) ⋅ cos(φ2) ⋅ sin²(Δλ / 2) 

c = 2 ⋅ atan2( √a, √(1−a) ) 

d = R ⋅ c Where: 

φ1 and φ2 represent the latitudes of the patient and 

the hospital in radians. 

Δφ represents the absolute difference in latitudes. 

Δλ represents the absolute difference in longitudes. 

R represents the volumetric mean radius of the 

Earth, approximately 6,371 kilometers. 

d represents the computed shortest distance over 

the Earth's surface in kilometers. 

In the implementation, the React application 

captures the user's precise coordinates via the 

HTML5 Geolocation API. A higher-order map 

function iterates over the array of 100 registered 

hospitals, applying the Haversine calculation to 

each node. The array is subsequently sorted in 

ascending order of the computed distance 'd'. This 

ensures the user is presented with the Top 10 

closest facilities offering the required specialist 

care. 

For the AI Triage Engine, prompt engineering 

involves mathematically constraining the latent 

space of the LLM output. The system utilizes Zero-

Shot Prompting, structuring the request to enforce 

strict token adherence: 

Prompt = "You are an AI medical triage assistant. 

Analyze the symptoms: {User_Input}. Reply with 

EXACTLY ONE word representing the required 

medical specialty. Choose ONLY from: 

[Cardiology, Neurology, Dentist, General]." 

By restricting the temperature parameter to 0.3, the 

LLM's output distribution becomes highly 

deterministic, allowing the Spring Boot backend to 

parse the response using strict O(1) string matching 

logic. 

The Edge-Heal system was deployed in a localized 

network environment to rigorously evaluate 

baseline latency, computational accuracy, and 

system resilience. The PostgreSQL database was 

seeded with 100 realistic hospital locations mapped 

across major urban centers in Tamil Nadu, 

including Chennai, Coimbatore, Madurai, and 

Salem. Additionally, 500 simulated doctor profiles 

were generated and linked to these facilities. The 

simulated IoT hardware array was configured to 

execute continuous telemetry pushes every 3 

seconds for an uninterrupted 1-hour stress test 

session. 

Performance analysis was centered on the execution 

time of core system modules. The Spring Boot IoT 

data ingestion endpoint recorded an average 

processing time of 45 milliseconds under 

concurrent load, confirming the backend's 

capability to handle high-frequency, high-volume 

telemetry without blocking threads. The geospatial 

sorting algorithm, executing the Haversine 

calculations for 100 nodes within the browser's 

JavaScript V8 engine, completed in an average of 

12.4 milliseconds. This exceptional speed 

guarantees instantaneous UI updates when a user 

invokes the 'Find Nearby Hospitals' function. 
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The OpenAI API integration exhibited variable 

latency, averaging 1,250 milliseconds per request. 

While this constitutes the highest latency 

component in the architecture, it remains highly 

acceptable for asynchronous, user-initiated tasks 

such as symptom triage, where cognitive accuracy 

is prioritized over microsecond speed. The 

integration of the Recharts moving line graphs 

maintained a consistent 60 frames per second (FPS) 

render rate, with a data-to-glass delay of less than 

150 milliseconds. 

To evaluate the cognitive accuracy of the AI Triage 

engine, a test dataset comprising 200 varied and 

complex symptom descriptions was processed. The 

system correctly classified 189 out of 200 

descriptions into the correct medical specialty 

taxonomy, yielding an accuracy rate of 94.5%. The 

5.5% error margin primarily occurred with highly 

ambiguous, multi-system symptoms (e.g., 'referred 

pain radiating from the jaw to the arm') which 

require deep differential diagnosis beyond the scope 

of a preliminary triage tool. This outcome 

underscores the necessity for continuous prompt 

refinement, fine-tuning, and the inclusion of strict 

liability disclaimers in the UI. 

Comparative analysis against the baseline 2025 

IEEE ACDSA IoT model reveals that Edge-Heal 

provides significant architectural superiority. While 

the baseline model achieved robust data capture, it 

lacked a mechanism for data utilization. Edge-Heal 

closes the clinical feedback loop by integrating the 

LLM and real-time visualization. Furthermore, the 

implementation of geospatial routing elevates the 

system from a localized monitoring tool to a macro-

level public health infrastructure. 

The successful implementation of the Edge-Heal 

ecosystem underscores the transformative potential 

of unifying Internet of Things telemetry with Large 

Language Models. The automated drafting of 

preliminary prescriptions based on AI-triaged 

symptoms possesses the potential to save hundreds 

of administrative hours per week for clinical staff. 

However, the deployment of such systems in a live 

production   environment   necessitates   the 

acknowledgment of several critical limitations and 

regulatory hurdles. 

Foremost among these is the reliance on third-party 

cloud APIs (specifically OpenAI) for the core 

cognitive processing. This introduces significant 

data privacy and security concerns regarding 

Protected Health Information (PHI). Transmitting 

sensitive symptom data to external servers runs 

contrary to strict healthcare compliance frameworks 

such as HIPAA (Health Insurance Portability and 

Accountability Act) and GDPR. In a production 

scenario, this architecture must be adapted to utilize 

localized, fine-tuned open-source LLMs (such as 

Llama-3 or Mistral) running on secure, on-premise 

HIPAA-compliant server clusters. 

Secondly, while the current short-polling 

implementation for real-time vitals visualization is 

sufficient for a limited user base, horizontal scaling 

to accommodate thousands of concurrent patients 

across multiple ICU wards would overwhelm 

standard HTTP connections. Transitioning the 

telemetry stream to bidirectional WebSocket 

protocols (e.g., using Socket.io or Spring WebFlux) 

is imperative to reduce network overhead and 

ensure true real-time, low-latency streaming. 

Despite these limitations, Edge-Heal demonstrates a 

practical, highly scalable blueprint for modernizing 

hospital networks. By abstracting the complexity of 

hardware integration and AI parsing behind a clean, 

intuitive React frontend, the system lowers the 

barrier to entry for digital healthcare adoption. 

VIII. CONCLUSION 

In conclusion, the Edge-Heal ecosystem represents a 

significant leap forward in the integration of diverse 

technologies for healthcare management. By 

combining the continuous telemetry capabilities of 

the Internet of Things, the cognitive analytical 

power of Large Language Models, and the spatial 

precision of geospatial routing algorithms, this 

system provides a robust, end-to-end solution for 

modern clinical challenges. The 
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architecture's modularity ensures high scalability, 

while the implementation of the Haversine formula 

guarantees accurate emergency routing. Future 

iterations of this research will focus on transitioning 

the AI processing to localized, open-source models 

to ensure strict data privacy compliance, as well as 

migrating the real-time data stream to WebSocket 

protocols for enhanced network efficiency. Edge-

Heal paves the way for a proactive, intelligent, and 

highly responsive global healthcare infrastructure. 

In conclusion, the Edge-Heal ecosystem represents a 

significant leap forward in the integration of diverse 

technologies for healthcare management. By 

combining the continuous telemetry capabilities of 

the Internet of Things, the cognitive analytical 

power of Large Language Models, and the spatial 

precision of geospatial routing algorithms, this 

system provides a robust, end-to-end solution for 

modern clinical challenges. The architecture's 

modularity ensures high scalability, while the 

implementation of the Haversine formula guarantees 

accurate emergency routing. Future iterations of 

this research will focus on transitioning the AI 

processing to localized, open-source models to 

ensure strict data privacy compliance, as well as 

migrating the real-time data stream to WebSocket 

protocols for enhanced network efficiency. Edge-

Heal paves the way for a proactive, intelligent, and 

highly responsive global healthcare infrastructure. 
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