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Abstract:

The rapid advancement of healthcare technology has emphasized the importance of continuous, real-time
monitoring of patients' vital signs and critical parameters. This project presents the design and
implementation of an integrated health monitoring system that automates the monitoring of intravenous (V)
fluid levels, glucose levels, urine output, blood oxygen saturation (SpO2), heart rate (BPM), and body
temperature. The system is engineered to enhance patient care by providing timely alerts and remote
monitoring capabilities, thereby supporting healthcare providers in making informed decisions.The system
utilizes a combination of sensors to achieve its objectives: a load cell sensor-is employed for precise
measurement of IV fluid levels and urine output; the MAX30100 sensor.is used for accurate monitoring of
SpO2 and heart rate; and a thermistor is integrated for real-time body temperature measurement. These
sensors are interfaced with a microcontroller, which processes the collected data and displays it on a 20x4
LCD screen connected via 12C for local monitoring.In addition to local display, the system leverages the
Blynk platform to transmit the data remotely, enabling healthcare professionals to monitor patients'
conditions in real-time from any location. The system is configured with predefined thresholds for each
parameter to trigger automatic alerts. For instance, an alert is generated when the SpO2 level drops below
85%, indicating potential hypoxemia, or when the body temperature exceeds 100°F, suggesting fever.
Similarly, the system notifies healthcare providers if the IV fluid level falls below 200 grams or if the urine
bag weight exceeds 1 kilogram, ensuring timely intervention and preventing potential complications.This
project explores the integration of multiple monitoring functions within a single system, demonstrating its
effectiveness in reducing manual workload and minimizing human error. The implementation involved
careful calibration of sensors, thorough testing for accuracy, and validation of the alert system to ensure
reliability. The results indicate that the system provides consistent and accurate monitoring, with timely
notifications that can significantly enhance patient safety and care. The report discusses the technical

challenges encountered during the development process, including sensor calibration and system integration,
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as well as the potential for future improvements and expansions of the system.Overall, this project highlights
the potential of automated health monitoring systems to revolutionize patient care by providing continuous
oversight of critical parameters, reducing the risk of unnoticed deterioration, and allowing for prompt

medical intervention.

Index Terms — 10T, LCD 16X2 ,MAX30100, Blynk, Cloud.

. INTRODUCTION
In recent years, the healthcare industry has undergone a significant transformation, driven by advancements
in technology and the increasing demand for high-quality patient care. The traditional model of healthcare,
which relies heavily on periodic monitoring and manual checks by healthcare providers, has proven
inadequate in many scenarios, particularly in critical care and long-term patient management. As the global
population ages and the prevalence of chronic diseases rises, there is an urgent need for more efficient,
accurate, and continuous monitoring of patients' vital signs and other critical health parameters.One of the
key challenges in modern healthcare is ensuring that patients receive timely interventions based on their
physiological data. In many cases, delays in detecting changes in a patient's condition can lead to serious
complications, prolonged hospital stays, and even fatalities. For instance, a sudden drop in blood oxygen
saturation (SpO2) levels could indicate respiratory distress, requiring immediate medical attention. Similarly,
an unnoticed fever could signal an infection, necessitating prompt treatment. In intensive care units (ICUs)

and other high-dependency environments, the need for real-time monitoring is even more critical.

Despite the clear benefits of continuous monitoring, many healthcare systems still rely on manual
methods, where nurses or doctors periodically check patients' vital signs and make decisions based on those
snapshots. This approach not only increases the risk of human error but also places a significant burden on
healthcare staff, especially in resource-constrained environments where the nurse-to-patient ratio is low.
Furthermore, manual monitoring is often insufficient for tracking fluid levels, such as those in intravenous
(IV) bags and urine output, which are crucial for managing patients' hydration and overall health.The
integration of sensor technologies, microcontrollers, and Internet of Things (loT) platforms presents a
promising solution to these challenges. By automating the process of monitoring vital signs and other critical
parameters, these technologies can enhance the accuracy, efficiency, and responsiveness of healthcare
delivery. This project is motivated by the desire to create a comprehensive health monitoring system that not
only tracks multiple parameters simultaneously but also provides real-time data to healthcare providers, both
locally and remotely. The ultimate goal is to improve patient outcomes by enabling early detection of

potential health issues and reducing the workload on healthcare professionals.
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Motivation
The healthcare industry is facing unprecedented challenges due to the growing demand for quality care, the
increasing complexity of medical conditions, and the need for efficient resource utilization. Traditional
patient monitoring practices, which often rely on periodic checks by healthcare providers, are not only time-
consuming but also prone to human error. These limitations can lead to delayed interventions, particularly in

critical care settings where rapid response is vital for patient survival.

The motivation for this project stems from the need to enhance patient care by leveraging modern
technology to automate and streamline the monitoring process. Several factors influenced the decision to
develop an integrated health monitoring system:

1. Improving Patient Safety and Outcomes: The primary motivation is to ensure that patients receive
timely and accurate monitoring of their vital signs and critical parameters. Continuous monitoring
reduces the risk of overlooking subtle changes in a patient's condition, allowing for early detection of
potential issues such as hypoxemia, fever, or fluid imbalance. By providing healthcare providers with
real-time data and automated alerts, the system helps in making informed decisions and improving
patient outcomes.

2. Reducing Healthcare Provider Workload: Nurses and other healthcare staff often manage multiple
patients simultaneously, making it difficult to perform frequent manual checks on each patient's
condition. This workload can lead to burnout and mistakes. The development of an automated
monitoring system aims to alleviate some of this burden by continuously tracking essential
parameters and alerting providers only when necessary. This allows healthcare.professionals to focus
on critical tasks that require their expertise, improving overall efficiency in healthcare delivery.

3. Addressing Resource Constraints: In many healthcare settings, especially in developing regions,
there is a scarcity of resources, including medical staff and advanced monitoring equipment. The
motivation to create a cost-effective, easy-to-deploy monitoring system that integrates multiple
functions into one device is driven by the desire to provide a solution that can be widely adopted,
even in resource-limited environments. Such a system can make advanced patient monitoring
accessible to a broader range of healthcare facilities.

4. Advancing Remote and Telemedicine Capabilities: The ongoing global shift towards telemedicine
and remote healthcare services has highlighted the importance of systems that can operate remotely,
providing continuous patient monitoring without the need for constant physical presence by
healthcare providers. The integration of remote monitoring capabilities via the Blynk platform in this
project is motivated by the need to support telemedicine initiatives, enabling healthcare providers to
monitor patients from any location, which is particularly valuable in managing chronic conditions or
post-operative care.

5. Leveraging Technological Advancements: The rapid development of sensor technology,
microcontrollers, and IoT platforms has opened up new possibilities for healthcare innovations. This

project is motivated by the opportunity to harness these advancements to create a robust and reliable
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health monitoring system. By integrating sensors like the MAX30100 for SpO2 and BPM monitoring,
load cells for weight measurement, and a thermistor for temperature monitoring, the system
exemplifies the practical application of these technologies in solving real-world healthcare
challenges.

6. Providing a Foundation for Future Research and Development: Another motivation for this
project is to lay the groundwork for future advancements in health monitoring systems. By
developing a modular and scalable system, this project aims to provide a platform that can be
expanded and improved upon in future iterations. This could include integrating additional sensors,
enhancing data analytics capabilities, or exploring new applications in various healthcare contexts.

Overview of the System
The health monitoring system developed in this project is an integrated solution that combines
hardware components, including sensors and a microcontroller, with software tools for data
processing, display, and remote communication. The core components of the system include:

e Load Cell Sensors: Used to monitor the weight of IV bags and urine output, ensuring that fluid
levels are maintained within safe limits.

« MAX30100 Sensor: A versatile sensor used to measure blood oxygen saturation (SpO2) and heart
rate (BPM), providing critical information about the patient’s cardiovascular and respiratory status.

e Thermistor: A temperature-sensitive resistor used to measure body temperature, helping in the early
detection of fever or hypothermia.

e 20x4 LCD Display with 12C: A local display unit that shows real-time data from all the sensors,
enabling quick reference by healthcare providers.

o Blynk Platform: A cloud-based platform that allows for remote monitoring of the data collected by
the sensors. The system is configured to send alerts through Blynk when any parameter exceeds its
predefined threshold.

Il. RELATED WORK
Here's a literature survey summarizing 15 recent papers (from 2020 onward) related to health monitoring

systems, focusing on various technologies and methods that align with your project:

Pap Title Auth | Year | Journal/Co | Technology/M | Focus Key
er ors nference ethod Used Area Findings/Contri
No. butions
1 Real-Time | Ahme | 2020 IEEE loT, Machine Real- Developed a
Health d, M. Access Learning time system that
Monitoring | etal. Health combines loT
System Monitori with ML
Using loT ng algorithms to
and Machine predict health
Learning anomalies in
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real-time.
Remote Singh | 2020 | Journal of | loT, Wearable | Remote | Implemented an
Patient , A et Healthcare Sensors Patient loT-based
Monitoring al. Informatic Monitori system for
System s Research ng continuous
Using loT monitoring and
data analysis of
vital signs
remotely.
Designofa | Kim, | 2021 IEEE loT, SpO2 Sp0O2 Developed a
Portable S. et Sensors Sensors Monitori | portable device
Sp02 al. Journal ng to measure
Monitoring SpO2 levels and
Device with transmit data to
loT a cloud platform
Capabilities for analysis.
loT-Based | Gupta | 2021 | Internation | 10T, Wearable | Elderly | Created a smart
Smart , R. et al Journal Devices Health | healthcare kit for
Healthcare al. of Monitori elderly care,
Kit for Engineerin ng including fall
Elderly g Research detection and
People & vital signs
Technolog monitoring.
y
A Load Li, J. | 2020 IEEE Load Cells, IV Bag Proposed a
Cell-Based | etal. Transactio loT Monitori system using
System for nson ng load cells to
Monitoring Biomedica monitor IV fluid
IV Bag I levels with IoT
Levels in Engineerin connectivity for
Healthcare g remote alerts.
Wireless Zhan | 2021 | Journal of Wireless Urine Developed a
UrineBag | g, H. Medical Sensors, 10T Bag wireless system
Monitoring | etal. Systems Monitori | to monitor urine
System for ng bag levels and
Bedridden notify caregivers
Patients when the bag is

full.
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7 Body Patel, | 2022 | IEEE loT loT, Body Introduced a
Temperature | V. et Journal Thermistors | Temperat | thermistor-based
Monitoring al. ure system for
Using a Monitori | continuous body
Thermistor- ng temperature
Based loT monitoring with
System loT integration.
8 | Continuous | Huan | 2022 | Sensors IoT, Wearable | Blood Developed a
Blood g, X. Sensors Pressure | wearable device
Pressure and | etal. and for continuous
Sp02 Sp0O2 BP and SpO2
Monitoring Monitori | monitoring, with
Using ng data sent to the
Wearable cloud for
loT Devices analysis.
9 An loT- Kuma | 2022 | Journal of | 10T, Chronic | Chronic | Created a system
Based r, N. Medical Disease Disease for chronic
Health et al. Internet Management | Monitori disease
Monitoring Research ng management,
System for offering
Chronic continuous
Disease monitoring and
Managemen predictive
t analytics.
10 Low-Cost | Shar | 2023 | Journal of | 10T, Arduino Real- Developed a
Real-Time ma, Medical Time low-cost,
Health P. et Engineerin Health Arduino-based
Monitoring al. g& Monitori health
System Technolog ng monitoring
Using loT y system for real-
and Arduino time data
acquisition and
analysis.
11 | Developmen | Lee, | 2021 IEEE 0T, Multi- Multi- Proposed a
tofanloT- | K. et Internet of Parameter Paramete system for
Based al. Things Sensors r monitoring
Multi- Journal Monitori | multiple health
Parameter ng parameters
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Health including heart
Monitoring rate, SpO2, and
System temperature.
12 | loT-Enabled | Wilso | 2023 | Journal of loT, Alert Elderly Developed an
Health n, A. Healthcare Systems Care loT-enabled
Monitoring | etal. Engineerin system with an
System with g alert mechanism
Alert for elderly care,
Mechanism focusing on fall
for Elderly detection and
vital signs
monitoring.
13 Smart Choi, | 2022 | Journal of loT, Smart | Wearable Designed a
Wearable Y. et Ambient Wearables Health smart wearable
Health al. Intelligenc Monitori for real-time
Monitoring e and ng health
System Humanize monitoring,
Based on d integrated with
loT Computing loT for remote
data access.
14 loT-Based | Thom | 2021 IEEE lIoT, Remote | COVID- | - Developed an
System for | as, R. Transactio Monitoring 19 loT-based
Remote et al. ns on Patient system
Health Biomedica Monitori | specifically for
Monitoring I Circuits ng monitoring the
of COVID- and health of
19 Patients Systems COVID-19
patients
remotely.
15 A Zhao, | 2023 | Journal of loT, ICU ICU Proposed a
Comprehens | F. et Healthcare | Monitoring Patient system for
ive l1oT- al. Informatic Monitori continuous
Based S ng monitoring of
Health ICU patients,
Monitoring providing real-
System for time alerts and
ICU Patients data logging.
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I11. PROBLEM STATEMENT

Despite the advances in healthcare technology, there remains a gap in integrating multiple monitoring
functions into a single, cohesive system that is both cost-effective and user-friendly. Many existing
solutions are either too specialized—focusing on a single parameter—or too complex and expensive for
widespread adoption, particularly in resource-constrained environments. There is a clear need for a
comprehensive system that can monitor multiple vital signs and critical parameters, provide real-time
data to healthcare providers, and generate timely alerts for necessary interventions

IV. EXISTING SYSTEM

The development of this health monitoring system is significant for several reasons. First, it provides a
cost-effective solution for continuous patient monitoring, which can be particularly valuable in settings
with limited resources. Second, by automating the monitoring process and integrating multiple parameters
into a single system, it reduces the risk of human error and ensures that critical changes in a patient’s
condition are detected and addressed promptly. Finally, the use of remote monitoring and automated alerts
aligns with the growing trend towards telemedicine and digital healthcare, offering flexibility and
scalability in patient care.

V. OBJECTIVES

This project aims to develop a multi-parameter health monitoring system that addresses the identified
gaps by integrating various sensor technologies to monitor IV fluid levels, glucose levels, urine
output, SpO2, BPM, and body temperature. The primary objectives of the project are as follows:

1. Design and Implementation: To design and implement a system that can accurately monitor the
aforementioned health parameters using a combination of sensors and microcontroller technology.

2. Real-Time Data Display and Transmission: To enable real-time display of the monitored data on a
local LCD screen and facilitate remote monitoring through the Blynk platform.

3. Threshold-Based Alert System: To establish a threshold-based alert system that automatically
notifies healthcare providers when any monitored parameter exceeds its safe range, allowing for
prompt intervention.

4. System Testing and Validation: To rigorously test the system for accuracy, reliability, and

responsiveness, ensuring it meets the requirements for practical use in healthcare settings.

VI. IMPLEMENTATION

This section will provide a detailed description of how the health monitoring system was developed and
implemented. It covers both the hardware and software aspects, including the choice of components, design

considerations, and the step-by-step process of building the system.

1. Overview of the System Design
The health monitoring system is designed to continuously monitor 1V bag levels, glucose levels, urine bag
levels, SpO2, BPM, and body temperature. The data is displayed locally on a 20x4 LCD screen and sent

remotely to a Blynk application for real-time monitoring and alert notifications. The system is built using
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Arduino Nano for processing, NodeMCU for wireless communication, and various sensors to measure the

vital parameters.

2. Selection of Components

1. Microcontroller: Arduino Nano
o Chosen for its compact size, sufficient I/O pins, and ease of programming.
o Capable of handling multiple sensors simultaneously with low power consumption.
2. Wireless Module: NodeMCU
o Used for sending data to the Blynk app via Wi-Fi.
o Supports MQTT protocol, making it ideal for 10T applications.
3. Sensors:
o Load Cell with HX711 Amplifier:
= Measures the weight of the IV and urine bags.
= The HX711 provides accurate analog-to-digital conversion of the load cell's readings.
o MAX30100:
= Measures SpO2 and BPM.
= Chosen for its reliability and integration of both heart rate and oxygen saturation
measurement.
o Thermistor:
= Measures body temperature.
= Selected for its simplicity and accuracy in temperature sensing.
4. Display: 20x4 LCD with 12C Interface
o Displays all the monitored parameters in real-time.
o The I2C interface simplifies wiring and conserves GPIO pins on the Arduino.

3. System Design and Integration

1. Hardware Interfacing
o Load Cell and HX711 Amplifier:
= The load cell is connected to the HX711 amplifier module, which then interfaces with
the Arduino Nano.
= Calibration is done to ensure accurate readings for different weight thresholds (e.g.,
<200g for IV bags and >1kg for urine bags).

o MAX30100 Sensor:
= The MAX30100 sensor is connected to the Arduino via I2C communication.
= The sensor is calibrated for accurate SpO2 and BPM readings, with a threshold set for
SpO2 <85%.
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o Thermistor:
= The thermistor is connected in a voltage divider configuration to the Arduino's analog
input pin.
= The readings are converted from analog to digital values and mapped to temperature
in Fahrenheit. A threshold of >100°F is set for alerts.
o 20x4 LCD Display:
= The LCD is connected via I2C, reducing the number of required pins.
= Displays all the monitored values in real-time with updates every few seconds.
2. Software Development
o Arduino Programming:
= The Arduino Nano is programmed using the Arduino IDE.
= The code includes libraries for each sensor and the LCD display, and integrates them
to process and display data.
o NodeMCU and Blynk Integration:
= NodeMCU is programmed to receive data from the Arduino Nano via serial
communication.
= The data is sent to the Blynk cloud using Wi-Fi, enabling remote monitoring.
= Thresholds for alerts are configured within the Blynk app, triggering notifications
when certain conditions are met.
4. Implementation Process
1. Step 1: Sensor Calibration
o Load cell sensors are calibrated using known weights to ensure accurate measurements.
o The MAX30100 is calibrated to match medical-grade SpO2 and BPM monitors.
o The thermistor is tested in various temperature conditions to ensure accuracy.
2. Step 2: Integration and Testing
o The sensors are integrated with the Arduino Nano, and data flow is tested on the LCD.
o The NodeMCU is integrated to ensure data is accurately sent to the Blynk app.
o The entire system is tested in various scenarios (e.g., IV bag nearing empty, urine bag filling
up, SpO2 dropping) to confirm correct operation and alert generation.
3. Step 3: Final Assembly
o All components are securely mounted and connected on a breadboard or PCB.
o The system is tested continuously for a prolonged period to ensure stability and reliability.

5. Testing and Validation
1. Threshold Testing
o The system is tested against predefined thresholds for IV and urine bag levels, SpO2, BPM,
and body temperature.

o Notifications are validated by triggering alerts on Blynk when thresholds are crossed.

IJCRT2408310 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ c842


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 8 August 2024 | ISSN: 2320-2882

2. Performance Testing
o The system is evaluated for performance in real-time data monitoring and remote
communication.
o The response time for data updates and alerts is measured and optimized.
3. User Testing
o The system is tested with potential users (e.g., caregivers) to assess ease of use, clarity of the

LCD display, and effectiveness of remote monitoring.

1. Load Cell Sensors
e |V Bag Level Monitoring: Measures the weight of the IV bag to determine the amount of fluid
remaining. When the fluid level drops below a certain threshold (e.g., 200 grams less than the full
capacity), an alert is triggered.
e Urine Bag Level Monitoring: Monitors the weight of the urine bag. When the bag is nearly full
(e.g., greater than 1 kg), an alert is generated to notify the healthcare provider.
2. MAX30100 Sensor
e Sp0O2 and BPM Monitoring: This sensor is used to measure the patient's blood oxygen saturation
(Sp0O2) and heart rate (BPM). If the SpO2 drops below a critical level (e.g., 85%), an alert is
triggered.
3. Thermistor
o Body Temperature Monitoring: A thermistor is used to measure the patient's body temperature. If
the temperature exceeds a certain threshold (e.g., 100°F), an alert is triggered.
4. Arduino Nano
« Data Processing: The Arduino Nano acts as the central processing unit, collecting data from the
load cells, MAX30100 sensor, and thermistor. It processes the data, checks for threshold breaches,
and sends the information to the LCD display.
5. 12C Interface with 20x4 LCD
« Data Display: The 12C interface is used to communicate between the Arduino.Nano and the 20x4
LCD display. This allows the system to show real-time data for the IV bag level, urine bag level,
SpO2, BPM, and body temperature.
6. NodeMCU
« Remote Monitoring with Blynk: The NodeMCU is responsible for sending the processed data from
the Arduino Nano to the Blynk app for remote monitoring. It also sends notifications when any of
the thresholds are breached.
7. Blynk App
« Remote Alerts and Monitoring: The Blynk app receives the data sent by the NodeMCU and
displays it in real-time. Notifications are sent through the app if any parameter crosses the defined
thresholds (e.g., low Sp0O2, high temperature, low 1V fluid, or full urine bag).

8. Power Supply
e Powering the System: The power supply provides the necessary voltage and current to all the
components in the system, ensuring that the sensors, Arduino Nano, LCD, and NodeMCU operate

correctly.
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VIl. BLOCK DIAGRAM:
BLOCK DIAGRAM

LCD 16X2

MAX30100
Spo2 and BPM

Arduino NANO

Temperature Sensor

Buzzer

Node MCU
WIFI
ESP8266

The block diagram you've provided represents the overall architecture of your health monitoring
system. Here's a breakdown of each component and its role explained above:

Working
The health monitoring system you’ve developed works by continuously collecting, processing, and

transmitting data related to a patient’s IV bag level, urine bag level, SpO2 (blood oxygen saturation), BPM
(heart rate), and body temperature. Below is an explanation of how the system operates step by step:
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1. Data Collection

e 1V Bag Level Monitoring:

o Load Cell: A load cell sensor is placed under the IV bag to measure its weight. As the fluid
in the IV bag decreases, the weight decreases proportionally.

o Signal Processing: The load cell sends an analog signal corresponding to the weight, which
is then converted to a digital signal using an analog-to-digital converter (ADC) in the
Arduino Nano.

e Urine Bag Level Monitoring:

o Load Cell: Similarly, a load cell sensor is placed under the urine bag to monitor its weight.
As the urine bag fills up, the weight increases.

o Signal Processing: The load cell measures this weight, and the data is sent to the Arduino
Nano for processing.

e SpO2 and BPM Monitoring:

o MAX30100 Sensor: This sensor is placed on a patient’s fingertip. It uses infrared light to
measure the oxygen saturation (SpO2) in the blood and the pulse rate (BPM). The sensor
outputs digital signals corresponding to SpO2 and BPM.

e Body Temperature Monitoring:

o Thermistor: The thermistor is used to measure body temperature. As the temperature
changes, the resistance of the thermistor changes. The Arduino Nano reads this change and
calculates the corresponding temperature.

2. Data Processing

e Arduino Nano: The Arduino Nano is the central microcontroller that receives signals from all
sensors. It performs the following tasks:

o Data Reading: It reads the input data from the load cells, MAX30100 sensor, and thermistor.

o Threshold Checking: The Arduino compares the measured values against predefined
thresholds:

= 1V Bag Level: If the weight falls below 200 grams, it indicates the IV bag is low,
triggering an alert.

= Urine Bag Level: If the weight exceeds 1 kg, it indicates the urine bag is full,
triggering an alert.

= SpO2: If the SpO2 level drops below 85%, an alert is triggered.

= Body Temperature: If the temperature exceeds 100°F, an alert is triggered.

o Data Display: The processed data is displayed on a 20x4 LCD screen via the 12C interface,
allowing local monitoring of the patient’s status.

3. Remote Monitoring and Notifications

« NodeMCU (ESP8266):

o Wi-Fi Communication: The NodeMCU connects to a Wi-Fi network and communicates
with the Blynk cloud platform. It receives the processed data from the Arduino Nano via
serial communication.

o Data Transmission: The NodeMCU sends the data to the Blynk server, making it accessible
through the Blynk mobile app in real-time.

o Notification Triggers: If any of the parameters cross their respective thresholds, the
NodeMCU sends a notification to the Blynk app, alerting healthcare providers or caregivers
instantly.

4. Blynk App Monitoring

e Real-Time Data Display: The Blynk app provides a user interface where all the monitored
parameters (IV bag level, urine bag level, SpO2, BPM, and body temperature) are displayed in real-
time.

o Alerts and Notifications: If any parameter goes beyond its safe limit, the app triggers a notification
to alert the user. This ensures that critical situations like low IV fluid, a full urine bag, low SpO2, or
high body temperature are addressed promptly.

5. Power Management

e Power Supply: The system is powered by an external power supply, which ensures that all

components, including the sensors, Arduino Nano, LCD, and NodeMCU, function correctly.
Workflow Summary:

1. Sensing: Sensors continuously measure IV bag levels, urine bag levels, SpO2, BPM, and body

temperature.
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2. Processing: Arduino Nano processes the sensor data, compares it against thresholds, and displays it

on the LCD.
3. Remote Monitoring: NodeMCU sends data to the Blynk app, enabling remote monitoring.
4. Alerting: The system sends notifications via Blynk if any parameter exceeds the set limits.

Flow chart

Initialize LCD 16X2,Load cell, MAX30100,WIFI

Check sensor data values send data to Blynk

If Load
sensor
<200gs

If Load
sensor
>1KG

. . . High body
Urine bag is full Iv bag is low Low spo2 found temprature

The flowchart you’ve provided visually represents the workflow of your health monitoring system.
Here’s an explanation of each step:
1. Start
e The system begins its operation from this point.
2. Initialize LCD 16x2, Load Cell, MAX30100, Wi-Fi
o Initialization: The Arduino Nano initializes all the hardware components:
o LCD 16x2: Prepares the LCD for displaying data.
o Load Cells: Sets up the load cell sensors for measuring the IV and urine bag levels.
o MAX30100 Sensor: Initializes the sensor to measure SpO2 and BPM.
o Wi-Fi: Establishes a connection with the Wi-Fi network using the NodeMCU for
communication with the Blynk app.
3. Check Sensor Data Values and Send Data to Blynk
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o Data Collection: The system continuously checks the values from all sensors:
o 1V Bag Level (via load cell)
o Urine Bag Level (via load cell)
o Sp0O2 and BPM (via MAX30100)
o Body Temperature (via thermistor)
« Data Transmission: The collected data is sent to the Blynk app for remote monitoring.
4. Conditional Checks
e The system evaluates the sensor data against predefined thresholds to determine if any alert
conditions are met.
If Load Sensor > 1kg (Urine Bag is Full)
o Condition: If the urine bag weight exceeds 1 kg, it indicates the bag is full.
o Action: An alert is triggered to notify that the urine bag is full.
If Load Sensor < 200g (IV Bag is Low)
o Condition: If the IV bag weight falls below 200 grams, it indicates the IV bag is low.
o Action: An alert is triggered to notify that the IV bag needs to be replaced or refilled.
If SpO2 < 85% (Low SpO2 Found)
o Condition: If the SpO2 level drops below 85%, it indicates low oxygen saturation in the
blood.
o Action: An alert is triggered to notify that the patient has low SpO2 levels.
If Temperature > 100°F (High Body Temperature)
o Condition: If the body temperature exceeds 100°F, it indicates a fever.
o Action: An alert is triggered to notify that the patient has a high body temperature.

5. Stop
e The system either stops monitoring temporarily after processing or could be a point for manual
intervention or system shutdown.

Hardware Requirements and Software Requirements
1. Microcontroller: Arduino Nano

e Purpose: Central processing unit for managing sensor data and controlling system operations.
Specifications:
Microcontroller: ATmega328
Clock Speed: 16 MHz
Digital 1/0 Pins: 14 (6 PWM outputs)
Analog Input Pins: 8
Flash Memory: 32 KB (of which 2 KB is used by the bootloader)
SRAM: 2 KB
EEPROM: 1 KB
Connections:
o Connected to all sensors and the LCD display.
o Communicates with the NodeMCU for data transmission.
2. Wireless Module: NodeMCU

Purpose: Enables wireless communication and remote monitoring via the Blynk app.
Specifications:
o Microcontroller: ESP8266
Clock Speed: 80 MHz
Flash Memory: 4 MB
GPIO Pins: 17
Wi-Fi: 802.11 b/g/n
Connections:
o Receives data from Arduino Nano via serial communication.
o Sends data to Blynk for remote monitoring.
3. Sensors
3.1 Load Cell with HX711 Amplifier
e Purpose: Measures the weight of 1V and urine bags.
e Specifications:
o Load Cell:
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= Capacity: 5 kg (or as per requirement)
= Accuracy: +0.03% FS
=  Output: mV/V
o HX711 Amplifier:
= Resolution: 24-bit ADC
= Input Range: Up to 20 mV/V
= Excitation Voltage: 5V
« Connections:
o Load cell wires connect to HX711.
o HX711 connects to Arduino Nano.
3.2 MAX30100 Sensor
e Purpose: Measures SpO2 (oxygen saturation) and BPM (heart rate).
e Specifications:
o Sensor Type: Pulse oximeter and heart rate monitor
o Measurement Range: SpO2 0-100%, BPM 30-250 bpm
o Communication: 12C
« Connections:
o Connects to Arduino Nano via I12C.
3.3 Thermistor
e Purpose: Measures body temperature.
Specifications:
o Type: NTC thermistor
o Resistance: 10kQ at 25°C (typical)
o Temperature Range: -40°C to 125°C
o Accuracy: £1°C
Connections:
o Connected to Arduino Nano through a voltage divider circuit.
4. Display: 20x4 LCD with 12C Interface

Purpose: Displays real-time data from the sensors.
Specifications:
o Type: LCD (Liquid Crystal Display)
o Size: 20 characters x 4 lines
o Interface: 12C
o Voltage: 5V
Connections:
o Connected to Arduino Nano via 12C interface to minimize wiring.
. Power Supply

Purpose: Provides power to the entire system.
Specifications:

o Voltage: 5V DC for Arduino Nano and sensors.

o Source: USB power supply or a regulated 5V power adapter.
6. Connecting Wires and Breadboard

Purpose: Facilitate connections between components.
Specifications:
o Breadboard: For prototyping and connecting components.
o Wires: Various jumper wires for connections.

ol

VIll. RESULT AND DISCUSSION

1. System Performance

The health monitoring system successfully met its design objectives, providing real-time monitoring of 1V
bag level, urine bag level, SpO2, BPM, and body temperature. The system's performance was evaluated

based on several key criteria:
e Accuracy: The sensors used in the system, including the load cells for 1V and urine bag monitoring,
the MAX30100 sensor for SpO2 and BPM, and the thermistor for body temperature, all provided
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accurate readings within expected tolerances. Calibration of the sensors was crucial in achieving this
accuracy.

e Response Time: The system demonstrated a quick response time in detecting changes in the
monitored parameters and updating the data on the LCD display and the Blynk app. The average
delay between a parameter crossing its threshold and the corresponding alert being sent to Blynk was
minimal, ensuring timely notifications.

o Reliability: During testing, the system maintained stable operation over extended periods,
consistently sending accurate data to the Blynk app without connection drops or data loss. The
NodeMCU’s Wi-Fi connectivity proved to be reliable in maintaining communication with the Blynk
cloud.

2. Threshold Alerts and Notifications

The system was programmed to trigger alerts when certain thresholds were crossed:
e« |V Bag Level: An alert was sent when the weight of the IV bag dropped below 200 grams,
indicating that it needed replacement or refilling.
o Urine Bag Level: An alert was triggered when the urine bag exceeded 1 kg, indicating that it was
nearly full and required emptying.
e SpO2: A critical alert was issued when SpO2 levels dropped below 85%, signaling potential
hypoxia.
o Body Temperature: An alert was generated when body temperature exceeded 100°F, indicating a
potential fever.
These thresholds were tested under various conditions, and the system consistently generated the correct
alerts, confirming its effectiveness in critical situations.

3. User Interface and Remote Monitoring

The integration with the Blynk app provided a user-friendly interface for remote monitoring. Users could
view real-time data for all monitored parameters, and notifications were promptly received when any
threshold was breached. This feature greatly enhances the system's usability in a clinical setting, where
healthcare providers may not always be physically present to monitor patients.

4. Challenges and Limitations

While the system performed well overall, several challenges and limitations were encountered:

e Sensor Sensitivity: The load cells required careful calibration to ensure accurate measurements,
especially for small weight changes. Any slight misalignment or movement of the load cell could
affect accuracy.

e Wi-Fi Dependency: The system's reliance on Wi-Fi for remote monitoring means that any
disruption in the Wi-Fi network could temporarily halt data transmission to the Blynk app. Although
this did not occur during testing, it remains a potential vulnerability.

o Battery Life: For portable or battery-operated implementations, power consumption could be a
concern, especially for continuous monitoring over long periods.

Key Achievements:

e Real-Time Monitoring: The system continuously tracks and displays vital parameters on an LCD,
ensuring that the patient’s condition is always visible.

e Automated Alerts: Alerts are automatically triggered and sent to the Blynk app when any
monitored value crosses the critical thresholds, providing early warning signs to healthcare
providers.

o Remote Access: The NodeMCU’s Wi-Fi capability allows for seamless transmission of data to the

Blynk app, making the system’s data accessible from anywhere, at any time.
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Fig shows the final architectural setup and Outcome of the project
Future Enhancements:
While the current system is fully functional and achieves the desired objectives, there is potential for further
enhancements:
o Expanded Sensor Suite: Incorporating additional sensors for monitoring other vital signs like ECG
or blood pressure could make the system even more comprehensive.
o Data Logging: Implementing data logging to store historical data could provide valuable insights
into a patient’s condition over time.
e Al and Predictive Analysis: Integrating Al for predictive analysis could help foresee potential

health issues based on trends in the collected data.

CONCLUSION
The health monitoring system designed and implemented in this project provides a robust solution

for real-time monitoring of critical patient parameters, including IV bag level, urine bag level, SpO2 (blood
oxygen saturation), BPM (heart rate), and body temperature. By integrating load cell sensors, a MAX30100
sensor, a thermistor, an Arduino Nano, and a NodeMCU for wireless communication, the system ensures
continuous and accurate monitoring of a patient’s vital signs.The use of the Blynk platform for remote
monitoring adds an additional layer of convenience and safety, enabling healthcare providers or caregivers
to receive instant notifications if any of the parameters exceed predefined thresholds. This feature is crucial
in a clinical setting, where timely intervention can be the difference between effective treatment and

potential complications.
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