@ E-ISSN: 3107-5843
International Journal of Advanced Engineering and Management System
X Volume 01, Issue 01, April-June 2025, pp. 65 - 73

10T BASED GLUCOGUARDIAN FOR REMOTE MONITORING
AND MANAGEMENT OF INTRAVENOUS DRIPS (IV)

M. Ratheesh Kumar!, Electrical and Communication Engineering, Cape Institute of Technology

Prof. Ebbie Selvakumar?, HOD, Electrical and Electronics Dept, Cape Institute of Technology

Abstract:

Timely and accurate intravenous (IV) fluid administration, especially glucose, is very important
in critical care settings such as Intensive Care Units (ICUs), where fluid management should be
very precise to ensure the safety of patients. Conventional methods of monitoring glucose bottle
levels are often manual checks that lead to delays and human error. The proposed IoT-Based
GlucoGuardian is a state-of-the-art system for remotely monitoring and controlling IV glucose
drips in real-time, built using IoT. The fluid level and flow rate sensors enable real-time
monitoring of glucose infusion to alert the care providers at critical threshold breaches and flow
irregularities. The advance alerting ensures that patients avoid complications associated with
delayed responses. This enhances operational efficiency and reduces the need for frequent
manual interventions in monitoring the system. This, in turn, frees medical personnel to
concentrate on other critical care tasks. The IoT-enabled monitoring solution represents a
significant advancement in critical care management and provides a reliable and efficient method
for monitoring I'V fluid administration.
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1. Introduction patients who cannot eat and drink. However,
traditional methods of monitoring glucose IV
bottles are reliant on manual checks, which
are not only time-consuming but also prone to
human errors, leading to delays or incorrect
dosages that could jeopardize patient safety.

Administration of intravenous fluid is one of
the significant aspects of patient care in
Intensive Care Units (ICUs), particularly with
glucose, as these patients are required to
receive fluid and glucose management in
some precise time-scale for stable vital signs Critical care environments demand a very
and allowing recovery. Glucose tight and short window to make every second
administration is advised if there is diabetic count; thus, continuous and accurate
mellitus, surgical cases, or critically ill monitoring of IV fluid levels and flow rates is
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highly crucial. Existing manual methods
usually lack the continuity
monitoring, thereby hindering early detection
of fluid depletion, blockages, or abnormal
flow rates. These monitoring gaps may lead to
complications like fluid overload,
dehydration, or inadequate glucose delivery.

in real-time

To overcome these challenges, an loT-Based
GlucoGuardian System is proposed. This
system is designed to monitor IV glucose
fluid levels and flow rates continuously by
using advanced sensors integrated with IoT
technology. It provides healthcare providers
with real-time data and automatically alerts
them when any irregularity or critical
threshold is the IV fluid
administration. With automated monitoring, it
reduces human error, increases the safety of
the patient, and maximizes delivery in critical
care settings.
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Figure 1: Skeleton of Proposed Model

The work discusses how the GlucoGuardian
system was developed and implemented, from
using 10T technology for continuous remote
monitoring to reaping the rewards of real-time
alerts and reduction of manual interventions.
This innovation allows the healthcare
providers to increase the precision of glucose
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delivery, ensure that interventions are
conducted on time, and spend more time
directly in with the patients.
Additionally, the system provides a scalable
solution that is integrable into existing
healthcare infrastructure, which may further
the advance of patient care management in

ICUs and elsewhere.

contact

2. Literature Survey

Smith et al. discussed the integration of IoT
technologies into healthcare systems, with a
focus on real-time patient monitoring. The
paper highlighted some of the challenges that
would be faced in the implementation of such
systems in critical care, particularly glucose
and intravenous drip monitoring. The authors
also presented the benefits of IoT in
enhancing patient outcomes by providing
accurate and timely data, reducing human
errors, and making healthcare providers more
efficient.

Jones et al. provide an extensive review of the
use of IoT-enabled devices in glucose
monitoring within critical care settings. The
paper covers various technologies and sensors
that are integrated into medical devices for
continuous glucose monitoring. The authors
analyze the effectiveness, challenges, and
potential improvements for integrating these
devices into intensive care units (ICUs),
where precise glucose management is crucial
for patient safety.

Taylor et al. investigate the role of IoT in
automating intravenous drip monitoring, a
critical component of patient care in hospitals.
In this paper, the authors reviewed various
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IoT-based solutions designed to monitor fluid
levels and flow rates in IV drips. Reducing
human intervention, these systems ensure that
IV therapy is given accurately and at the right
time, preventing possible complications in
critically ill patients.

Lee et al. discuss the problems of IoT-based
glucose monitoring in intensive care units.
Sensor  calibration, data
reliability, and integration with other medical
systems are some of the issues the authors
address. This paper puts forth the
improvement that needs to be done with

transmission

respect to sensor accuracy and real-time
monitoring for ensuring patient safety and
quality care in critical care areas.

Wang et al. discuss how the integration of IoT
technologies ~ with  machine  learning
algorithms helps realize accurate and efficient
real-time glucose monitoring systems. The
authors addressed different models of
machine learning that predict glucose
fluctuations, optimize the administration of
insulin, and provide actionable information to
healthcare practitioners in the management of
patients within critical care units.

Garcia et al. discuss the role of IoT in the
improvement of intravenous therapy and
glucose monitoring in healthcare. The paper
discusses how IoT-based sensors and devices
are used to monitor fluid levels, glucose
concentrations, and  other  important
parameters. Real-time monitoring will be of
utmost benefit to the healthcare providers
because it allows for more accurate and
timely treatments to be delivered to the
patients and thus improve their outcomes.
Volume 01, Issue 01, April-June 2025
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3. PROPOSED METHODOLOGY

3.1.1 System Design and Architecture

The proposed loT-based Glucoguardian shall
consist of several core components such as
glucose sensors, flow rate sensors, and fluid
level sensors. These sensors will continuously
IV fluids and send the
information to the microcontroller that can be

monitor the

an ESP32 or Raspberry Pi. Communication
among the system components will be set via
Wi-Fi or Bluetooth to send real-time data to a
cloud platform or a local server. A mobile
application would also be developed to enable
healthcare professionals to monitor glucose
levels and flow rates while in remote
locations. The mobile app plays an important
role in alerting medical staff when the
threshold reaches warning levels, thereby
providing time for appropriate intervention

and management.
3.1.2 Sensor Calibration and Integration

Sensors used for glucose concentration, fluid
flow rate and fluid levels must be carefully
calibrated to ensure the accuracy of the
system. The glucose sensor will be calibrated
using known glucose concentrations ensuring
accurate readings are obtained for glucose
levels in the IV fluid. This system will be
using a flow rate sensor, calibrating its
detection to indicate the actual fluid
administration rate; it will calibrate the fluid
level sensor in order to read the remaining
volume of fluid left in the IV bottle. All these
will need calibration in order to prevent faulty
data from collection since this calibrates it to
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give adequate responses when change occurs
in the IV drip environment.

3.1.3 Data Acquisition and Processing

The microcontroller will be collecting data
from sensors continuously. That includes
glucose concentration, flow rate, and the fluid
level. After the acquisition of data is done,
further processing will detect anomalies such
as fluctuations in the glucose concentration
and interruptions in the fluid flow. Data will
also be preprocessed to eliminate noise before
sending it into the cloud. Basic algorithms
will be implemented on which potential issues
in the administration of IV fluid can be
detected immediately, allowing for prompt
notifications and alerts to be sent to healthcare
providers.

3.1.4 Cloud Integration and Data Storage

The data acquired and processed by the
microcontroller will then be transmitted to the
cloud-based server using loT communication
protocols like MQTT or HTTP. The cloud
platform will store the data in real-time for
secure access by healthcare providers. The
cloud storage will serve not only as a
repository for current data but also as a
historical database that may be referenced for
analysis and reporting. The cloud integration
also enables the availability of patient
information from any access point, therefore,
ensuring uninterrupted and efficient tracking
of IV infusions even by healthcare providers
if they are outside the critical care area.
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3.1.5 Real Time Monitoring and Alarms

This system will involve real-time
monitoring, where access to the state of
glucose levels and IV infusion flow will be
available to the healthcare providers on time.
It would be possible to view real-time data on
glucose concentrations, flow rates, and
remaining fluid levels through the mobile
application or the web-based dashboard. The
provide alerts and
notifications if any parameter exceeds the
threshold. For instance, it will warn health

care givers instantly, for instance when

system will also

glucose levels rise too high, the IV bottle
critically short
messaging services (SMS), E mail or a pop up
with alert for corrections in line to occur.

level becomes low via

3.1.6 User Interface - Mobile/web app

A user interface for both mobile apps or web
application to allow viewing live statistics
concerning drip administration from an IV
infusion on real time. These are the
parameters such as glucose level, fluid flow
rate, and the remaining volume of fluid in the
IV bottle. It has a history feature where
healthcare providers can view data and trends
of the past days to make more informed
decisions. Alerts and notifications will be
accessed easily, which can be accepted and
acted on directly from the app. The user
interface  will be very intuitive and
straightforward to use to ensure that it does
not burden the healthcare professional with
unnecessary complexity in monitoring the
system.
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Figure 2: Proposed Model of System

3.2 Working

The IoT-based Glucoguardian is a system
working on continuous measurement of all
parameters of IV drips. Real-time data
pertaining to the fluid in the drip is gathered
with the help of sensors, for example, glucose
sensors, flow rate sensors, and fluid level
sensors. Microcontrollers, including ESP32
and Raspberry Pi, are the processing units of
this system. The microcontroller will collect
the data from sensors, process them, and then
send them to the cloud or a local server. In
cases where critical thresholds are breached-
for example, very low glucose levels or
insufficient fluid volume-the system triggers
real-time alerts. Healthcare providers receive
such alerts through push notifications, SMS,
or email for immediate intervention. The
system also contains history data which will
allow doctors to see trends in the past and
make proper decisions for better care of the
patients. Generally, the system's working
principle  revolves around  continuous
monitoring, data transmission, real-time
alerts, and cloud storage.
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3.3 Implementation

The IoT-based Glucoguardian system starts
with the integration of hardware and software
components. The hardware consists of
glucose concentration sensors, flow rate
sensors, and fluid level sensors that are
directly linked to an IV drip. These sensors
are carefully calibrated to ensure accurate data
collection. A microcontroller, such as the
ESP32, is used for data processing and
communication. This microcontroller is
integrated with a communication module like
Wi-Fi or Bluetooth for hassle-free data
transfer to the cloud platform.

In the software area, an android application or
a web-based dashboard is created by which
health professionals can see real-time data
regarding the IV drip. It includes a friendly
GUI that will reflect the major parameters
such as concentration of glucose, flow rate,
and fluid level. Alerts and notifications are a
part of the system, which enables timely
action in response to critical changes in the IV
drip. The data is also stored on a cloud
platform like AWS or Google Cloud, so it can
be accessed from anywhere and is safely
stored.

Testing and validation of the system are very
important to ensure its effectiveness in
clinical settings. Prototypes are first tested for
sensor accuracy and the integrity of the
transmitted data. Next, clinical tests will be
run to determine its efficacy in an actual
clinical medical setting. Then, when these
have proven effective, the system is deployed
within the health system and personnel is
trained to utilize the app or dashboard in their
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practice. The system will improve IV fluid
management, minimize manual interventions,
and enhance the safety of the patient in a
critical care setting.

4. EXPERIMENTAL EVALUATION

An experimental evaluation of the IoT-based
Glucoguardian determine
whether it is accurate, reliable, and effective
in a controlled clinical setting. The system

would be validated to ensure that it is capable

system is to

of monitoring glucose levels, fluid volume,
and flow rate in a consistent manner, along
with timely alerts to healthcare providers
regarding changes. To do this, the system is
subjected to a range of predefined conditions
that are intended to mimic the wide range of
scenarios experienced in the ICU setting.

4.1 Testing Protocol

The assessment process starts with calibrating
the sensors. There are three sensors: glucose
concentration sensors, flow rate sensors, and
fluid level sensors. First, the accuracy of each
of these sensors is tested separately, ensuring
that all the parts operate within the acceptable
range of specifications. Once the sensors are
calibrated, they are connected to the IV
system and the data sent to the
microcontroller. It then tests whether the
system can process data from multiple sensors
simultaneously.

A series of experiments are conducted at
different fluid levels, flow rates, and glucose
concentrations to simulate the conditions
commonly found in a hospital setting. These
tests help ensure the system's ability to
monitor and alert healthcare professionals
Volume 01, Issue 01, April-June 2025
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under a variety of conditions. As an example,
the system should be thoroughly tested in
detecting the Dips in the glucose
concentration in the IV bottle when it crosses
a critical threshold, when the fluid volume
may reach an empty state, or any other
possible sudden drop in flow rate. In each of
the cases, the system will be expected to
produce a suitable alert, which will then be
verified by the health care providers.

www.iotbegineer.com

Figure 4: Glucose Level and Flow sensor
Readings

4.2 Performance Metrics

Accuracy: Accurate sensing is critical in both
glucose level and flow rates of fluids, besides
fluid levels, which is calculated by comparing
the sensor data to manually measured values
over multiple test runs.

Response Time: This is the time taken by the
system to detect a critical condition, such as
low glucose levels or low fluid volume, and
alert the nurse. A prompt response is crucial to
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ensure that medical staff can intervene in
time.

Reliability: The system reliability is tested
through continuous running of the system for
long periods in order to see whether it
maintains stable operation with no errors or
system crashes. This includes robustness
testing for data transmission and cloud
storage.

Alert Accuracy: The system is tested for its
ability to send timely and accurate alerts by
simulating various fault scenarios, such as
sudden changes in fluid levels or glucose
concentrations. The system should send alerts
only when necessary, minimizing false
alarms.

User Experience: The usability of the mobile
or web-based application is also evaluated by
conducting user experience tests with
healthcare professionals. Feedback on the
interface, ease of access to data, and the
clarity of alerts is gathered to improve the
system's functionality.

4.3 Results and Analysis

In the experimental evaluation, the system
could accurately monitor glucose levels, flow
rates, and fluid levels and report these to the
healthcare providers in real-time. The alerts
were appropriately generated, such as when
the glucose concentration had dropped below
the predefined threshold, or the fluid level
was nearly empty.

within the
acceptable range. It issued alert messages
within seconds of detecting abnormal

System response time was
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conditions. The accuracy of the sensors is
justified through a comparison with the
manually measured values. During all tests,
the system proved to have high accuracy and
reliability.

The cloud-based data storage had no
significant problems with retrieval and loss of
data. The overall user feedback of the
healthcare providers was positive and
appreciated the navigation of the mobile
application, the alert system having timely

notifications.
5. Conclusion

The Glucoguardian system of remote
monitoring and management of intravenous
drips using the Internet of Things (IoT) is the
newest development in the patient care
treatment stage, especially critical care ones
such as in the intensive care units (ICUs).
With sensors for glucose concentration, fluid
level, and flow rate monitored in the system,
data tracking is continuously done in real-
time, thereby assisting healthcare providers in
effectively managing IV fluid administrations
and reducing complications.

The system, through experimental evaluation,
proved capable of providing accurate, timely,
and reliable monitoring of IV drips. It was
able to detect critical conditions such as low
fluild levels or  abnormal  glucose
concentrations and promptly send alerts to
medical  staff.  Real-time  monitoring,
therefore, allows healthcare providers to
intervene immediately, thus improving patient
safety and minimizing the likelithood of
delays or errors in treatment.
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With its integration of cloud technology, user-
friendly mobile and web interfaces, and even
easier access for healthcare providers to
patients' information and data through which
they make the right decisions, the
effectiveness of the system is further boosted.
The  application of the IoT-based
Glucoguardian  system frequent
manual checks; thus, there is a better solution
for IV fluids management compared to the
earlier approach.

reduces
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