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Abstract— IoMT systems prevent frequent visits to doctors and meetings between patients and 
medical professionals. This end-to-end health monitoring system aims at offering monitoring of 
patients on their will along with consultant support and bringing up the adaptive conversational 
assistant as well. With a layered IoT architecture that restrictively balances between on-device 
signal pre-processing at the network edge with robust cloud-based analytics and hybrid 
assistance services, the system will collect continuous vital physiological data. The architecture 
provides threshold-based, role-based dashboards and to achieve sensor fidelity, data flow 
integrity and real-time responsiveness a prototype implementation was designed and 
experimentally confirmed, as well as an efficient proof of the automated warning feature. 
Having already initial data on its real-time functionality, our work delivers a working, 
configurable architecture of a health monitoring system based on an IoT and meets the 
stringent healthcare requirements of both latency and privacy. Our approach will help 
strengthen the trust of the patients and also aligns with the proposed system of modern 
healthcare in providing the remote patient monitoring with the hybrid conversational 
assistance. 
 
Index Terms— Internet of Medical Things (IoMT), Remote Patient Monitoring (RPM), 
Biomedical Sensors, Real-Time Health Data, Intelligent Healthcare Systems. 

I. INTRODUCTION 

The contemporary healthcare paradigm is associated with a shift toward a proactive environment as opposed to 
traditional treatment. This transition emphasizes on the early detection of any anomaly, will maintain the 
continuous monitoring of the vitals, and can help provide preventive care rather than episodic, reactive medical 
interventions. Internet of Medical Things (IoMT) allows constant, real-time health monitoring through sensors 
that ensure the measurement of patient information. By enabling uninterrupted data acquisition from patients in 
non-clinical environments, IoMT technologies help bridge the gap between patients and healthcare providers. 
Close observation of these vital signs and issuing emergency notifications in case of abnormal decreases or 
unexpected increases will ensure early medical intervention and, thus, lead to the prevention of complications, 
thanks to IoMT systems [1, 2, 3]. As a result, the patient outcomes can be significantly improved by providing 
the security and proper provisions to use the system while simultaneously reducing the burden on healthcare 
infrastructure. 
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The feature relies on accessible hardware, including low-power microcontrollers (such as the ESP32) with built-
in non-invasive biomedical sensors to measure life signs such as body temperature, oxygen saturation in the 
blood (SpO2), and heart rate [4]. These components are widely available and are cost-effective also they are 
energy-efficient as they run on low-power and on scheduled operation cycles, making them suitable for large-
scale and long-term deployment. A hybrid processing system takes in data effectively through lightweight 
protocols such as MQTT [5]. Although a cloud-based database is solely used in safe and centralized data storage 
and access, this architecture purposely applies network advantage to low-latency, emergency event processing 
[6]. Such a hybrid edge–cloud system approach will help ensure responsiveness during critical events and 
reliability. 
As soon as data is transformed into actionable insights on user-friendly dashboards that will accredit the patients 
and the consultants, the real potential of continuous biological data is realized [2, 7]. Clear visualization of trends 
enables informed decision-making and will help people know how their daily lifestyle is affecting their results. 
Furthermore, adaptive and hybrid conversational AI integration is also becoming an attractive instrument to 
enhance patient engagement through regular health advice and initial symptom triage [8]. Nonetheless, data 
security, compatibility of devices, and scalability of the systems require strict solutions because of ethical and 
regulatory environment [9]. 

II. LITERATURE REVIEW 

The rapid growth of IoMT has triggered a significant volume of research that is aimed at improving health care 
delivery. To contextualize the proposed system in the context of the current state-of-the-art developments, this 
review analyses recent literature focusing on architectural design, sensing developments, the purpose of 
generative artificial intelligence and essential non-functional requirements. 

A. IoMT System Architectures 

The contemporary IoMT systems have the tendency to adopt a kind of layered architecture, which at times 
extends beyond the three-layered basic model to the complex data flow [10]. In architecture, there is a prevailing 
trend of judicial location of edge nodes to filter real-time data and identify anomaly as a way of alleviating 
network delay [6].  
This combined approach is necessary to effectively trade-off the computational throughput demands of real time 
health monitoring and its demanding low-latency goals, where cloud will be the primary location in the long-
term data storage and system-wide synchronization services [11]. 

B. Improvement in the realm of sensing and data acquisition 

This paper demonstrates that the presented health monitoring system relies on low-cost and easy to obtain 
components that could be interesting in practice in the context of deploying an IoMT solution. The system will 
include an ESP32 microcontroller and sensors to receive parameters such as heart rate, SpO2 and body 
temperature [12].  

C. Interactive Hybrid Conversational Architecture 

The future of IoMT is the use of Generative AI to revitalize patient engagement. Beyond analytics, an hybrid 
conversational architecture using Large Language Model, Retrieval-Augmented Generation-based using the 
WHO and other clinical guidelines for source-based answers and a FAQ-bot for general queries. Such 
architecture enables source-grounded responses, minimizes hallucinations, and optimizes efficiency by pathing 
queries based on the requirement of the user. These dynamic systems help in initial triage of symptoms, tailored 
health education, and general care advice [8,17,18,19].  

D. Research Gaps 

The common thread of the literature that has been reviewed is that there is recurring missing piece that is the 
absence of cohesive platforms that can succeed in integrating a proven, low-cost hardware stack with a hybrid 
edge-cloud solution integrated with user-friendly patient interface with state-of-the-art Conversational GenAI 
services [7]. The following gaps in knowledge will be addressed in this paper, which will help fill them: 
The available hardware stack [12, 13] would be compatible with the hybrid edge cloud model that is based on a 
centralized cloud database to store data safely and streamline data flow [6, 11] and creating a role-based user-
centric dashboard [7] and Integrating a holistic, integrated patient assistance through the implementation of an 
adaptive Generative AI orchestration chatbot [17, 18, 19]. 
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III. METHODOLOGY 

A. System Design and Architecture: 

A three-layer architecture is used in the system's construction to maintain its flexibility and organization. Each 
component of the project can be updated and managed more easily with this design. 
 Perception Layer (The Sensors): Information is gathered at this layer. It contains hardware that collects data  

in real time, such as SpO2, pulse & body temperature. 
 Network Layer: This layer serves as the link between our primary server and the sensors. It sends the data 

over the network safely and dependably using effective communication protocols like MQTT. 
 Application Layer (User Interface): The user interacts with this layer at the top. It contains the web 

dashboard for viewing real-time health insights and interacting with the provided two-way assistance, 
adaptive conservational assistance and the consultant as well. 

B. Hardware and Software Components 

Hardware: 
 NodeMCU ESP8266 - Microcontroller that will be used to acquire data and connect to the Wi-Fi. 
 MAX30100/30102 Sensor - Heart rate (BPM) and blood oxygen saturation (SpO2), non-invasive. 
 DHT11/DS18B20 Temperature sensor - A temperature sensor that will sense the temperature. 
 SSD1306(OLED display): To check the prototype reading in real-time.  

 
Figure 1: Hardware Setup For Data Collection 

Software Components 
The system will be developed on the basis of modern scalable frameworks:  
 Embedded Firmware – Drives NodeMCU and reads data from the sensors and transmitting it using the Wi-

Fi transmission.  
 Backend & Data Storage: The FastAPI (Python) server validates and handles data. Data is safely stored in a 

cloud-based database (MongoDB Atlas) to synchronize the data. Socket.io for one-on-one chat support. An 
adaptive hybrid conversational chat assistant Using LLMs and Retrieval-Augmented Generation. 

 Web Application: The frontend single paged application, role-based dashboard. The data visualization is 
done through the Chart.js library, which visualizes real-time time-series trends. 

 
Figure 2: Overall Overview of the Platform 
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C. Data Flow and Workflow 

The end-to-end workflow has low-latency engineering: 
 Data Acquisition: The ESP32( NODEMCU) will collect physiological data via sensors attached to it.  
 Transmission & Pre-processing: Raw data is encapsulated and transmitted using Wi-Fi to the cloud storage 

after processing it on the local edge.  
 Processing & Archival: The server back-end verifies the data and stores the data in the cloud database.  
 Visualization & Interaction: React dashboard continuously updates processed data as charting in real-time. 

A built-in conversational interface is aimed to be used as guidance and triage. 

IV. IMPLEMENTATION AND ANALYSIS OF RESULTS 

The design of the IoMT health monitoring system prototype was adequately tested, and it confirmed its overall 
end-to-end functionality and offered essential insights. 

A. Hardware and Data Acquisition 

To begin with we ensured that our hardware is sound. The NodeMCU ESP32 was compatible with the 
MAX30102 and DB18B20 sensors, and it was fairly reliable in receiving a continuous stream of data on the 
heart rate, SpO2, and temperature. Our sample readings reproducibly obtained were consistent and true and 
indicated that the fundamental data acquisition component of our system is healthy and prepared. 

TABLE I: READINGS FROM HEALTH SENSORS 

 

B. Real-time Data Graphs 

Visualizations that are user-friendly are important in identifying abnormality in the trends of health data quickly 
and identify deviation to trends to then implement a prompt clinical or patient self-management response. The 
implementation is an effective way of showing that this system is effective in tracking longitudinal trends, and 
alerts based on abnormality. 

 
Figure 3: Real Time Graphs from the Sensor Data 

C. Hybrid Conversational Assistance Model 

An adaptive conversational assistance & consultant chat were also implemented. The system was able to simply 
switch between the FAQs, RAG & LLM-Model based on the user requirement, and reducing the exploitation of 
a single resource. A consultant chat support (socket.io) was also added, which provides two-way health 
assistance, based on the user requirements. 
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Figure 4: Conversational Dashboard Overview 

V. CONCLUSION 

The given paper provided a general end-to-end IoMT model of efficient patient monitoring and managed to 
provide a viable alternative to the usual episodic healthcare provision. Because of this reason, a low-cost multi-
layered system that was able to record critical physiological signals reliably was designed, developed, and 
empirically validated. We confirmed the hybrid architecture which considers the low-latency local and edge-
based pre-processing of biosignals and securely storing them in the cloud database. The fidelity and stability of 
the low-cost hardware stack (NodeMCU ESP8266, MAX30102, DS18B20) was confirmed with the help of 
empirical testing, which indicated the ability to continuously acquire data. This data pipeline was effective and 
provided almost real-time visualization of data on a responsive React-based dashboard, which validated the 
feasibility of the system as a live monitoring and trend analysis system. It is worth noting that the prototype 
indicated the significance of user-centered design, which demonstrated that even a lightweight, responsive, and 
intuitive interface is a necessary requirement to guarantee a true clinical interpretability and useful self-
management of the patient. Altogether, the given project represents a viable, proven design of available IoMT 
implementation that can satisfy fundamental needs in relation to real-time functionality and usability. This 
system’s transition into a more matured platform, can help patients to save time and money by reducing their 
travel time and making routine check-up more cost friendly, particular if they live in non-metro cities, sub-urban 
cities or rural areas, with an adaptive hybrid conversational model providing guidance based on general 
biological facts and clinical guidelines around their biomedical data and daily lifestyle. 
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