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Abstract -

Intravenous (IV) therapy is a critical medical
procedure used for delivering fluids, medications,
and nutrients directly into a patient’s bloodstream.
However, traditional IV monitoring relies on manual
supervision, which can lead to human errors, delays,
and life-threatening complications such as blood
reflux and air embolism. The Smart Glucose
Monitoring and Automated Alert System aims to
enhance patient safety by introducing an intelligent,
automated solution for IV fluid monitoring.

This system utilizes load sensors, bubble sensors,
a servo motor, and IoT-based connectivity to
continuously track IV fluid levels and detect air
bubbles in the tube. When the fluid level drops below
a predefined threshold, real-time alerts are sent via
WiFi and GSM modules to hospital staff through
mobile applications, dashboards, and buzzer alarms,
ensuring timely intervention. Additionally, the servo
motor automatically clamps the IV tube in critical
conditions to prevent blood reflux.

By integrating smart sensors, automation, and
real-time notifications, this system reduces medical
negligence, enhances efficiency in hospitals, and
ensures patient safety. The study highlights the
importance of automation in IV monitoring, its
impact on reducing complications, and its
potential for future advancements in Al-driven
healthcare systems. This solution is scalable across
hospitals, ICUs, nursing homes, and home healthcare
settings, making it a reliable and cost-effective
approach to modern IV therapy management.
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1. INTRODUCTION

The increasing demand for automation in
healthcare has driven the development of intelligent
monitoring systems. Traditional intravenous (IV)
fluid monitoring relies on manual supervision, which
is inefficient, error-prone, and can lead to life-
threatening conditions such as blood reflux and air
embolism. The Smart Glucose Monitoring and
Automated Alert System is designed to address
these challenges by integrating IoT-based sensors,
real-time alert mechanisms, and automated fluid
level monitoring.

1.1 Background Work

Manual IV monitoring methods in hospitals often
result in human errors due to workload and fatigue.
Delays in replacing an empty IV bottle can lead to
severe complications, including air embolism.
Existing healthcare automation solutions lack a
comprehensive approach to IV fluid tracking, real-
time notifications, and emergency response systems.
The Smart Glucose Monitoring and Automated
Alert System leverages load sensors, bubble
detection sensors, and GSM/WiFi connectivity to
automate IV monitoring, ensuring improved patient
safety.

Advancements in sensor technology, 10T, and
hospital automation have contributed to the
development of real-time monitoring systems.
Research highlights the need for automated IV
monitoring  solutions that reduce human
intervention, enhance patient care, and minimize
medical negligence. The proposed system
integrates automated alerts, real-time tracking,
and emergency intervention mechanisms, making
it a critical innovation in healthcare.
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1.2 Problem Statement

The traditional approach to IV therapy monitoring
presents several challenges:
e Human errors in monitoring IV fluid levels
can lead to delayed interventions.

e Blood reflux and air embolism risks
increase if an IV bottle runs empty.

e Lack of real-time notifications makes it
difficult for nurses to respond immediately.

e Inconsistent manual monitoring affects
patient safety and hospital efficiency.

To address these challenges, a real-time, sensor-
based monitoring system with automated alert
mechanisms is required to ensure timely
intervention, prevent medical emergencies, and
enhance hospital workflow efficiency.

1.3 Objectives and Scope of the Project

The Smart Glucose Monitoring and Automated
Alert System is designed with the following
objectives:

e To develop an automated IV fluid
monitoring system using loT-based load
sensors and bubble sensors.

e To provide real-time alerts via GSM, WiFi
dashboards, and buzzer notifications.

e To prevent blood reflux and air embolism
using an automated servo motor clamping
system.

e To integrate hospital dashboard
monitoring for real-time supervision of
multiple patients.

e To enhance patient safety and reduce
medical staff workload through automation.

The system is scalable for hospitals, ICUs,
nursing homes, and home healthcare settings,
ensuring broad applicability in modern healthcare
environments.
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2. LITERATURE SURVEY

Previous research on IV fluid monitoring and hospital
automation highlights the following key insights:

e Sensor-based IV monitoring systems improve
patient safety and reduce manual errors.

e IoT integration in healthcare enhances real-time
tracking and remote monitoring.

e Automated alert mechanisms significantly
reduce the risks of air embolism and blood reflux.

The Smart Glucose Monitoring and Automated Alert
System builds upon these findings to develop a cost-
effective, real-time, and automated IV monitoring
solution, ensuring better patient care, reduced medical
errors, and improved hospital efficiency.

3. SYSTEM ARCHITECTURE

The Smart Glucose Monitoring and Automated
Alert System consists of several integrated
components to ensure real-time IV fluid tracking, air
bubble detection, and automated alerts.

3.1 Hardware Components:

e Load Sensor: Measures the weight of the IV
bottle to determine fluid level.

e HX711 Amplifier: Converts analog load
sensor data into a digital signal.

e SMD Bubble Sensor: Detects air bubbles in
the IV tube to prevent air embolism.

o [ESP8266/ESP32 (WiFi Controller):
Processes sensor data and transmits alerts to
hospital dashboards.

e GSM Module (SIM800OL): Sends SMS
notifications when IV fluid levels are critically
low.

e Servo Motor: Automatically clamps the IV
tube if an air bubble is detected.

e Buzzer Alarm: Provides an audible alert for
nurses.

e LCD Display: Displays real-time IV fluid
levels at the patient’s bedside.

e Power Supply (Battery Backup): Ensures
uninterrupted system operation.

e Software Components

e Arduino IDE: Used for programming and
configuring the ESP32 microcontroller.
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e Mobile App (Android/iOS): Enables nurses
to monitor IV fluid levels remotely.

e Firebase/MQTT Server: Stores and
transmits real-time IV fluid data to hospital
dashboards.

e Embedded C/Python: Used for controlling
system operations and logic processing.

This architecture ensures a seamless flow of data
from sensors to the backend, providing real-time
alerts and preventing [V-related complications.

3.2 Data Processing and System Workflow
IV Fluid Level Monitoring:

¢ Load sensor continuously tracks IV fluid
levels.

e HX711 amplifier converts weight data to a
digital format.

o ESP8266/ESP32 processes and transmits
fluid level updates to the hospital
dashboard and mobile app.

e If fluid level drops below a critical
threshold, the buzzer, LCD, and mobile
notifications are activated.

Air Bubble Detection & Prevention:

e SMD bubble sensor scans the IV tube for
air bubbles.

e If an air bubble is detected, the servo
motor clamps the IV tube to prevent air
embolism.

e A buzzer alarm sounds, and an SMS
notification is sent to the nurse.

[

Automated Alert Generation & Notification:

e WiFi controller transmits real-time data to
the hospital system.

e If IV levels are low, the GSM module sends
SMS alerts.

e If the nurse does not respond within a set
time, an escalation alert is sent to the
doctor.

System Response to Alerts:

e Nurses replace the
receiving an alert.

IV bottle upon
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e If air bubbles are detected, the servo
motor remains engaged until resolved.

e If nurses fail to respond, automatic
escalation alerts are triggered.

3.3 Model Architecture and Implementation

The system integrates IoT-based
communication, sensor data processing, and
automated interventions to optimize [V monitoring.

Sensor Data Processing Pipeline:

o Data Collection: Load sensors and bubble
sensors continuously record IV fluid levels
and tube status.

e Data Validation: Noise filtering techniques
ensure accurate [V fluid level tracking.

¢ Real-Time Transmission: Processed data is
sent to dashboards and mobile apps for
immediate monitoring.

Alert Decision System:

e Threshold-Based Alerts:
o If IV fluid level falls below 20%, an
initial warning is triggered.
o Ifthelevel falls below 10%, a critical
alert is sent via SMS.
e Bubble Detection Response:
o Immediate IV tube clamping upon
detecting air bubbles.
o Emergency notification sent to
nurses.
O

3.4 System Block and Data Flow Diagrams
System Block Diagram:

e Sensors (Load & Bubble Sensors) — Detect
IV fluid level and air bubbles.

o ESP8266/ESP32 (Microcontroller) -
Processes sensor data and determines alert
conditions.

e WiFi/GSM Module — Sends real-time data to
dashboards and nurses.

e Buzzer & LCD Display — Provide real-time
alerts at the patient’s bedside.

e Servo Motor — Blocks the IV tube if an air
bubble is detected.

Data Flow Diagram:
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e The SMD bubble sensor successfully detected air
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4. RESULTS AND DISCUSSION

4.1 Results

The Smart Glucose Monitoring and Automated
Alert System was tested under various conditions to
assess its accuracy, efficiency, and reliability in IV fluid
monitoring. The system successfully:

1. Accurate IV Fluid Level Detection
e The load sensor consistently measured the fluid
level in real-time.
e The WiFi controller transmitted data to the
hospital dashboard and mobile application with
99% accuracy.

2. Automated Alert Mechanism
e  When the IV fluid level dropped below 20%, an
early warning was sent to nurses.
o At 5% fluid level, the buzzer, LCD display, and
SMS alerts were activated.

3. Air Bubble Detection for Patient Safety
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bubbles larger than 0.1mm in diameter.

e Upon detection, the servo motor automatically
clamped the IV tube, preventing air embolism.

)

4. Timely Notification to Hospital Staff

e Nurses received alerts via buzzer alarms, mobile
app notifications, and SMS messages.

e The system reduced the IV bottle replacement
response time from 15 minutes (manual
monitoring) to less than 3 minutes.

4.2 Discussion

The Smart Glucose Monitoring and Automated
Alert System has demonstrated remarkable success in
improving efficiency, accuracy, and patient safety in IV
fluid monitoring. The system has significantly reduced the
time required for IV fluid level checks, with traditional
manual monitoring relying on periodic nurse inspections,
whereas the automated system provides real-time
monitoring and alerts. This time-saving feature not only
enhances hospital operational efficiency but also
ensures that patients receive timely interventions,
reducing the risk of complications such as air embolism
and blood reflux.
Additionally, response times for IV fluid replacement
have drastically improved, with alerts ensuring that
nurses take action in under 3 minutes, compared to the
10-15 minutes required in manual monitoring. This
improvement in response time has enhanced patient
safety by preventing fluid depletion and minimizing
treatment delays.

Another key achievement is the real-time air

bubble detection mechanism, which employs an SMD
bubble sensor to identify air bubbles as small as 0.1mm
in diameter. By triggering an automatic IV tube clamp,
the system effectively prevents air embolism, a potentially
life-threatening condition. Scalability testing has also
highlighted the system’s capability to support multiple
patients simultaneously, with the loT-based dashboard
successfully handling real-time monitoring for over 100
patients without delays.
Finally, the system’s accuracy in IV fluid level detection
has been validated through extensive testing, achieving a
99% accuracy rate, ensuring precise monitoring and
reducing human errors in [V management. These results
reinforce the system'’s reliability, efficiency, and impact
in hospital settings, making it a cost-effective and
scalable solution for modern healthcare environments.

5. CONCLUSION
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The Smart Glucose Monitoring and Automated
Alert System represents a transformative advancement
in IV fluid management, providing real-time monitoring,
automated alerts, and enhanced patient safety. By
integrating load sensors, SMD bubble detection, WiFi-
based data transmission, and GSM alerts, the system has
significantly improved efficiency, accuracy, and response
times in hospital settings. The automation of IV fluid level
tracking and air bubble detection has reduced the risk of
air embolism, blood reflux, and delayed interventions,
ensuring better patient outcomes.

The system’s scalability allows it to be

implemented in both small and large healthcare
facilities, while its cost-effectiveness makes it an
affordable alternative to expensive commercial [V
monitoring systems. The ability to notify nurses within
seconds via buzzer alarms, mobile app notifications,
and SMS alerts has revolutionized traditional manual IV
monitoring, reducing human workload and improving
hospital efficiency.
Looking ahead, future enhancements such as Al-based
predictive analysis, improved micro-bubble detection,
and battery backup integration will further enhance the
system’s accuracy, reliability, and usability. These
advancements will streamline IV fluid monitoring and
make healthcare more efficient, safer, and
technologically driven. Ultimately, the Smart Glucose
Monitoring and Automated Alert System has the
potential to revolutionize IV therapy management,
making hospitals more patient-centric and responsive to
critical care needs.
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