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Abstract: The Glucose Monitoring and Alert System for Medical Application is designed to assist healthcare
providers in monitoring glucose levels in intravenous (IV) drip systems. The system uses an ESP32
microcontroller, a load cell sensor, and an LED indicator to monitor the remaining glucose level in I'V bottles.
When the glucose level falls below a predefined threshold, the system activates the LED and sends a
notification to a designated device via the Blynk App, enabling real- time remote monitoring .This solution
aims to reduce human error and improve patient care by providing timely alerts when glucose levels are low,
allowing medical staff to promptly replace the IV bottle. The integration of both hardware and software
components creates an efficient, low-cost system that ensures continuous monitoring without manual
intervention. The project demonstrates how loT-based solutions can enhance healthcare by automating critical
monitoring tasks, improving efficiency, and ensuring patient safety.
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I. INTRODUCTION

The Glucose Monitoring and Alert System marks a significant advancement in the management of patient
care, particularly for those requiring close monitoring of their glucose levels. In medical settings, timely
intervention is crucial, especially for patients with conditions such as diabetes. This innovative system not
only ensures that healthcare providers are promptly notified

when glucose levels in a patient’s bottle drop below a predetermined threshold, but it also enhances patient
safety and operational efficiency within healthcare facilities. In this we explores the potential of the Glucose
Monitoring and Alert System in streamlining glucose management and addressing key challenges faced by
medical staff in patient care.

I1. SYSTEM DESIGN AND IMPLEMENTATION

The design of the loT-Based Liquid Level Monitoring and Alert System for Medical Application consists of
two primary components: the hardware setup and the software configuration. Both components are integrated
to form a functional, real-time monitoring system for intravenous (IV) glucose solutions, aimed at reducing
human error and enhancing patient care.

2.1 Hardware Components
The hardware setup includes several key components:

2.1.1 ESP32 Microcontroller: The ESP32 is used as the central unit to collect data from the sensors and
manage the communication between the system and the Blynk App. This microcontroller is chosen for its
built-in Wi-Fi capabilities and versatility in handling multiple tasks simultaneously.
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2.1.2 Load Cell Sensor: This sensor is used to measure the remaining glucose level in the IV bottle. The
sensor’s precision ensures that even small variations in weight are detected, triggering the system’s alert
mechanism when the glucose level falls below a specified threshold.

2.1.3 LED Indicator: The LED is used as a local visual alert system. When the glucose level crosses the
threshold, the LED turns on, indicating the need to replace the IV bottle.

Power Supply: A stable power supply is essential to ensure the continuous operation of the system, especially
in a medical environment where interruptions can have critical consequences.

2.2 Software Components
The software side of the system involves several layers, ensuring smooth operation:

2.2.1 Arduino IDE: The ESP32 is programmed using the Arduino IDE. This allows for easy integration with
various sensors and peripheral devices. The code handles data collection, threshold checking, and notification
sending.

2.2.2 Blynk App: The Blynk App is used for remote monitoring. Once the ESP32 detects a low glucose level,
it sends a real-time notification to healthcare providers via the Blynk App. The app is compatible with both
Android and i0S devices, allowing medical staff to receive alerts regardless of their location.

Cloud Integration: The Blynk App allows data to be visualized on a cloud dashboard, where medical personnel
can monitor glucose levels continuously. The system’s architecture ensures that data is updated in real-time,
allowing for immediate action when necessary.

2.3 Integration and Testing

After assembling the hardware components, the system was integrated and tested. The key focus during testing
was ensuring accurate glucose level detection, proper communication between the ESP32 and Blynk App, and
reliable triggering of alerts both locally (via LED) and remotely (via Blynk notification).

II1. RESEARCH METHODOLOGY
The methodology used in the development and testing of the IoT-Based Liquid Level Monitoring and Alert
System follows a structured approach involving system design, development, and performance evaluation.

3.1 System Design

The system design includes both hardware and software components, as mentioned previously. The initial step
involved selecting the right hardware for glucose monitoring in medical applications, considering factors like
power consumption, cost, and ease of integration.

3.1.1 Hardware Selection: The ESP32 was chosen for its ease of use, ability to handle multiple tasks
simultaneously, and integrated Wi-Fi functionality. The load cell sensor was selected for its precision in weight
measurement, which is critical in medical applications where small changes in the liquid level can have
significant impacts.

3.1.2 Software Development: The system's software was designed using the Arduino IDE, with a focus on
simplicity and reliability. The Blynk App was integrated to provide remote monitoring capabilities. The
threshold for glucose levels was carefully calibrated to ensure accurate alerts.

3.1.3 Threshold Calibration: In real-world applications, glucose levels in IV bottles are typically monitored
by medical staff. For the system to function correctly, the threshold for triggering alerts needed to be set
carefully, based on the volume of liquid remaining in the IV bottle.

3.2 Testing and Validation
The system underwent extensive testing to ensure its reliability in medical environments:

Test 1: Accuracy of Glucose Level Detection: The system was tested with IV bottles containing varying
amounts of glucose solution to ensure that the load cell sensor provided accurate readings.

Test 2: Alert Mechanism: The system’s ability to trigger local (LED) and remote (Blynk App) alerts was tested
under different conditions, ensuring that both types of alerts were reliable.
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Test 3: Power Efficiency: Given the importance of continuous operation, the system’s power consumption
was tested to ensure that it could run for extended periods without the need for frequent recharging or battery
replacement.

IV. CHALLENGES AND SOLUTIONS

While developing the IoT-Based Liquid Level Monitoring and Alert System for medical applications, several
challenges were encountered during both the hardware and software phases of the project. However, each
challenge was addressed through strategic problem-solving methods, ensuring that the system met its
objectives and was suitable for real-world deployment.

4.1 Hardware Challenges

4.1.1 Sensor Calibration and Accuracy:

One of the main challenges faced was ensuring the load cell sensor provided accurate readings of the glucose
levels in the IV bottles. Load cell sensors are sensitive to various factors, such as temperature and weight
fluctuations, which can lead to inaccurate measurements.

Solution:

To resolve this, the sensor was calibrated regularly, and an additional temperature compensation circuit was
incorporated to minimize the effect of environmental changes on the sensor's readings. Calibration was
performed before deployment and during routine system checks to ensure reliability.

4.1.2 Power Consumption:

Since the system was designed to run continuously in a medical setting, power consumption was a major
concern. Prolonged battery life was crucial to ensure the system's reliability in environments where power
interruptions might occur.

Solution:

The system used a low-power ESP32 microcontroller, which significantly reduced power consumption.
Additionally, a solar-powered rechargeable battery was considered for long-term deployment in remote or off-
grid locations, ensuring continuous operation without frequent recharging.

4.2 Software Challenges

4.1.3 Network Connectivity:

The system relies heavily on Wi-Fi connectivity for real-time monitoring and notifications via the Blynk App.
In medical environments, network reliability can be a concern due to interference or network downtime.
Solution:

The system was designed with a fallback mechanism, where, in the event of network failure, the ESP32 could
store the last known glucose reading and transmit it as soon as the connection was re-established. This
approach ensured that no data was lost during connectivity-issues.

4.1.4 Data Security:

Since the system involves transmitting sensitive patient data over the internet, security was a critical concern.
Ensuring the privacy and integrity of patient data was paramount.

Solution:

The system employed encrypted communication protocols between the ESP32 and the Blynk App to prevent
unauthorized access. Additionally, access control mechanisms were integrated into the app to ensure that only
authorized medical personnel could receive alerts and access system data.

4.3 User Interface Challenges

4.3.1 Usability of the Blynk App:

Although the Blynk App provided the necessary functionality for remote monitoring, some users found it
challenging to navigate through multiple alerts and system configurations, especially under high-pressure
medical situations.

Solution:

A user-friendly interface was designed within the Blynk App, which categorized alerts by urgency. Critical
alerts were highlighted and prioritized to ensure medical staff could address them promptly. Further, training
was provided to staff to ensure they could use the system effectively in real-time.
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V. FUTURE SCOPE AND ENHANCEMENTS

While the current IoT-Based Liquid Level Monitoring and Alert System fulfills its primary function of
monitoring glucose levels in IV bottles, there is considerable potential for further development and
enhancement. The following areas for future work have been identified:

5.1 Integration with Electronic Health Records (EHR)

Future versions of the system could integrate with hospital Electronic Health Records (EHR) systems to allow
seamless data transfer between the monitoring system and patient records. This integration would enable
healthcare providers to access real-time glucose levels along with other critical patient data, improving
decision-making and overall patient care.

5.2 Multi-Parameter Monitoring

The current system focuses solely on glucose levels in IV bottles. However, other critical parameters such as
oxygen levels, temperature, and blood pressure could be monitored using additional sensors integrated with
the existing setup.

Enhancement:

By incorporating multiple sensors into the system, a more comprehensive monitoring system could be
developed that tracks a wide range of medical parameters in real-time.

5.3 Cloud-Based Data Analytics

Incorporating advanced cloud-based analytics into the system could help in predictive maintenance and
anomaly detection. Using machine learning algorithms, the system could analyze patterns in glucose levels
and predict when an IV bottle is likely to run out, allowing medical staff to be proactive in replacing bottles
before they are empty.

Enhancement:

Cloud integration would enable long-term data storage, providing valuable insights into patient care trends
and system performance over time.

5.4 Advanced Notification System

In its current form, the system uses a simple notification mechanism through the Blynk App. However, as the
system grows, an Al-driven notification system could be implemented to prioritize alerts based on the severity
of the situation, the patient's condition, and other real-time data.

Enhancement:

Future versions could also incorporate voice alerts, text messages, and notifications directly to hospital
management systems, ensuring that critical events are immediately addressed.

VI. RESULTS AND DISCUSSION

The system performed well during testing, achieving all the desired objectives. Below is a detailed discussion
of the results from the system’s performance evaluation.

6.1 System Performance

6.1.1 Glucose Level Detection: The load cell sensor consistently detected the glucose level with an accuracy
of £5%. This level of accuracy is sufficient for medical applications where the goal is to provide timely alerts
before the glucose solution runs out completely.

6.1.2 Alert System: Both the LED indicator and the Blynk App notifications worked as intended. When the
glucose level reached the predefined threshold, the LED indicator turned on, and a notification was sent to the
healthcare provider’s device. This dual-alert mechanism ensures that medical staff are immediately informed
of the low glucose levels.

6.1.3 Power Consumption: The system was able to run continuously for several days using a rechargeable
battery pack, making it a feasible solution for continuous monitoring in medical settings.

6.2 Limitations and Improvements
While the system performed as expected, there are areas where improvements could be made:
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6.2.1 Sensor Calibration: The load cell sensor requires periodic calibration to maintain accuracy over time,
especially in environments where conditions like temperature and humidity can affect sensor readings.

6.2.2 Integration with Existing Hospital Systems: In future versions of the system, integration with existing
hospital management systems could provide even more comprehensive monitoring capabilities.

6.2.3 User Interface Enhancements: While the Blynk App is functional, a custom user interface tailored
specifically to healthcare environments could improve the system’s usability.
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