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Abstract: This research introduces a Wireless Sensor Network
(WSN) based infusion monitoring system utilizing Internet of
Things (IoT) technology. Infusion management is critical in
healthcare, but manual supervision often lacks accuracy and
control. Through the use of optocoupler and load cell sensors, this
system enables automated calculation of the infusion drop rate per
minute and evaluation of the remaining fluid percentage. In this
study, tests were conducted using optocoupler sensors to calculate
the drop rate per minute and load cell sensors to measure the
remaining fluid percentage. Measurement results are monitored via
smartphone, allowing healthcare professionals easy and rapid
access to data. Furthermore, the innovation of this system lies in
the application of Internet of Things (IoT) technology, enabling
remote control through Wireless Sensor Network (WSN). Thus,
one nurse can oversee multiple infusions using just one
smartphone. The testing results demonstrate a high level of
accuracy, with an average precision rate of 97% for drop rate
measurements and 93% for the remaining fluid percentage
measurements. This system offers an efficient and controlled
solution for infusion fluid management, ensuring optimal
healthcare services for patients. By integrating loT and WSN
technologies, this research paves the way for the development of
more advanced and connected infusion monitoring systems,
supporting enhanced patient care in the era of globalized
healthcare.
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1. Introduction

In the realm of healthcare, the role of globalization is crucial in inspiring scientific progress,
change, and evolution. Furthermore, there is no denying that the continuous advancement of
medical technology, especially in the application of the Internet of Things (IoT), is a key factor in
improving the efficiency and accuracy of medical services[1]. In some healthcare settings, there is
a pressing need for technological advancements to promote new innovations in their
development. Medical professionals are therefore expected to utilize this technology to the fullest
in order to improve the quality of health services for the entire community [2]. Therefore, the
field of Electronics and Instrumentation has become a serious and compelling focus among the
new generation of technology designers [3]. One of the challenges in the healthcare sector is the
continued manual administration of intravenous infusions. Issues such as blockages or
interruptions in flow are common, and in some cases, even the entry of blood into the infusion
line due to depletion of the infusion fluid occurs without the awareness of medical staff. If such
incidents occur, patients may experience dehydration or fluid deficiency if not promptly
addressed [4]. Intravenous fluid infusion is a specialized type of injection used to assist the body
in replenishing lost fluids and nutrients [5].

One of the methods of administering fluids intravenously to fulfill the patient's requirements
for fluids, electrolytes, medication, and nutrition is through an infusion [6]. The healing process
of patients significantly relies on the controlled and regulated administration of intravenous fluids
by medical professionals. Healthcare services in Indonesian community health centers are more
concentrated in the western regions compared to the central and eastern parts of the country,
based on workforce distribution. This concentration can impede the growth of healthcare
services aimed at providing equitable and high-quality healthcare to the entire population of
Indonesia[7].

Previous research [8] has developed an IoT-based infusion monitoring device with
smartphone display. With this device, we can remotely monitor the infusion status using a
smartphone via Thingspeak. However, there is a limitation in this research: we can only monitor
one patient with one smartphone. This limitation poses a challenge, especially when the number
of patients exceeds the available nurses in a hospital, as typically, each nurse uses only one
smartphone. To address this limitation, I innovated by introducing a system that mitigates the
drawbacks of the previous research. By integrating a Wireless Sensor Network (WSN), one nurse
can control multiple patient infusions using a single smartphone. This innovation proves to be
efficient, particularly during surges in patient numbers at a hospital, thereby enhancing healthcare
services for the patients [9]

In the context of this research, counting the number of infusion drips per minute is done
using an optocoupler sensor. This sensor operates by detecting objects and measuring how long
the object obstructs the light transmitted by the sensor. The structure of the optocoupler sensor
involves a light source and a light detector that collaborate in this function [10]. In addition to
calculating the number of drops per minute, the automatic infusion fluid monitoring device is
also capable of evaluating the remaining percentage of infusion fluid.

The concept of the Internet of Things (IoT) endeavors to optimize the advantages of
internet connectivity for facilitating seamless data exchange among various devices and
centralized systems [11] Through the concept of the "Internet of Things," any network-
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connected object can autonomously transmit data without human intervention, thereby
augmenting efficiency in medical services with the integration of this technology [12] The
Internet of Things (IoT) is a comprehensive system that integrates devices, actuators, sensors,
communication protocols, and applications, which autonomously exchange data and commands
across networks to deliver intelligent services [13]. In this research, the smartphone functions as a
display screen that gathers specific data for analysis and storage. Besides serving as a
communication device, the smartphone also acts as a measurement system [14]|. This research
stands out for its utilization of Internet of Things (IoT) technology and Wireless Sensor Network
(WSN) to facilitate remote monitoring and control in infusion monitoring systems. By integrating
optocoupler and load cell sensors, the system achieves a high level of precision in measuring drop
rates and remaining fluid percentages, with an average precision rate of 97% and 93%
respectively. Its primary advantage resides in enhanced data accessibility, enabling healthcare
professionals to efficiently and promptly retrieve monitoring information via their smartphones
[15]. As a result, this research not only enables more efficient supervision, but also reduces the
risk of human error and improves safety in infusion management [16]. This marks a significant
step forward in enhancing the quality of patient healthcare services and paves the way for the
development of more advanced and interconnected infusion monitoring systems in the future.

2. Materials and Method

This research is an engineering study, where scientific knowledge is combined in the design
to achieve specific objectives. The research phase can be observed in Figure 1. Some of the
procedures carried out in the research include Analysis and requirements definition, tool design
(Ideas and task clarity), Implementation Design, Design validation, and finally the tool evaluation
stage.

Ideas and Task
Clarity

A 4

Conceptual Design

A 4

Arrangement,
Geometric,
and Accuracy

A 4

Prototype
Development

A 4

Testing

Figure 1. Engineering research phase.

Figure 1 represents the stages of engineering research involving relatively new elements [15].

It includes ideation, conceptual design, geometric and functional arrangement, detailed design,
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prototype/model development, and finally, the testing phase. In this study, the design of a
wireless sensor network-based infusion monitoring system with smartphone display will be
produced. The tools and materials utilized in this research encompass a personal computer (PC)
for programming in Arduino IDE, which is then uploaded to Node MCU. Additionally, various
electronic components such as optocouplers, load cells, and servo motors are employed.

The infusion fluid monitoring system is designed with careful consideration of both
hardware and software aspects. Software design plays a crucial role as instructions for the
hardware to execute its tasks efficiently. Meanwhile, hardware refers to the physical components
of the system, explaining the physical elements involved in monitoring the infusion fluid. Figure 2
illustrates the detailed hardware components of the infusion fluid monitoring system. In this
phase, the primary focus is to ensure seamless integration between hardware and software

components, aiming for accurate and reliable infusion fluid monitoring,
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Figure 2. Design of the Hardware System for Infusion Monitoring Based on WSN.

Figure 2 display a circuit box contains Node ESP32 connected to a load cell, optocoupler,
and servo motor. The optocoupler sensor is installed on the infusion tube to detect the drops of
the infusion, enabling the calculation of the infusion drops per minute. The servo motor is
attached to the infusion tube and connected to the circuit. Additionally, the infusion bottle is
suspended on the load cell sensor, acting as a load measured by the sensor to monitor the
remaining fluid level in the infusion bottle.

To facilitate the operation of the designed hardware and ensure all components are
connected, the sensors are programmed using the Arduino programming language in the Arduino
IDE application. This program will connect to an available WiFi network. Once successfully
connected, the data will be transmitted to the cloud platform, Thingspeak. At this stage, the App
Inventor application will be programmed to display monitoring data, such as the number of
drops per minute and the remaining infusion fluid level, on the smartphone screen. The software
design process using App Inventor can be observed in detail in Figure 3.
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Figure 3. Flowchart software desain.

Figure 3 illustrates the flow of the App Inventor software. This flowchart illustrates the
process of retrieving data from ThingSpeak, checking intravenous fluid levels, and sending
notifications. First, the user enters the URL of ThingSpeak, an IoT platform that enables real-
time collection, analysis, and visualization of sensor data. This URL connects to the data sent by
sensors or devices connected to ThingSpeak. Next, the system receives data from ThingSpeak
that may contain information about the intravenous fluid, such as level or volume. Then, there is
a step of checking the "Intravenous fluid <15%" condition. If the data indicates that the
intravenous fluid is less than 15%, the system proceeds to the next step. However, if the
condition is not met, the system will return to the "Enter URL from ThingSpeak" step to update
the data. Finally, if the condition "Intravenous fluid <15%" is met, the system will send a
notification in the form of a telegram message to the user or medical staff.

3. Results and Discussion

The result of the design conducted is a monitoring system for infusion based on Wireless
Sensor Network with a user interface accessible through a smartphone. This device is capable of
calculating the proportion of remaining infusion fluid and the infusion drops rate per minute.
The measurement tresults will be displayed directly on the user's smartphone screen. The

mechanical design of the infusion monitoring system can be observed in Figure 4.
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Figure 4. Infusion Fluid Monitoring System based on WSN.

Figure 4 shows the design of a fluid infusion monitoring system that utilizes the latest
technology in the fields of electronics and sensorics. This system's main aim is to catrry out
precise calculations of the number of infusion drops per minute and accurately measure the
remaining infusion fluid. To achieve this target, the system uses two core components, namely a
load cell sensor and an optocoupler. The use of the ESP32 Node MCU as the brain of the system
is considered crucial because this device is not only responsible for careful data processing, but
also a bridge between electronic circuits and smart devices, especially smartphones. The
integration of other components such as servo motor, optocoupler, and load cell sensor with the
ESP32 Node MCU allows the system to operate with efficient synergy. For further explanation
regarding the structure and interaction of these components, users are invited to refer to Figure

5.

Description :
1.0ptocoupler

2.Servo

3.Load cell with module
4.Microcontroller Esp 32

Figure 5. Interaction of each component.

Figure 5 illustrates the arrangement of components in the ESP32 microcontroller in detail.
This diagram highlights the connections established between the ESP32 MCU Node and the
various electronic elements in the system, including the servo motor, optocoupler, and load cell
sensor. This arrangement has been carefully designed to ensure optimal system function and
performance in the fluid infusion monitoring process. For a more complete experience of the
user interface on the smartphone connected to the system, it is recommended to refer to Figure

6.
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Figure 6. Infusion Monitoring Interface WSN on Smartphone.

Figure 6 shows the user interface of the Wireless Sensor Network (WSN)-based infusion
monitoring system on a smartphone device. The system has servo motion control functions to
adjust the tube gap width and set the drip rate per minute. In addition, the system provides
information on the percentage of remaining infusion fluid, which is obtained through
measurement with a load cell sensor. Tests were conducted to evaluate the sensor output and its
accuracy. When the percentage of remaining infusion fluid exceeds the 15% limit, an automatic
warning notification will appear on the smartphone, informing the user that the infusion is
running low and a replacement with a new infusion needs to be prepared. This test is intended to
assess the extent of the tool's success in achieving the research objectives. The test results of the
load cell sensor show satisfactory accuracy in measuring the weight of the infusion compared to
the actual value. For more detailed data regarding the test results of each load cell sensor, please
refer to Table 1 and Table 2. Thus, the user interface in Figure 6 not only provides efficient
control and monitoring, but also supports the early warning aspect and overall performance
evaluation of the device.

Table 1. Accuracy of Infusion Percentage for Patient 1

Massa (gr) Measurable Calculated Error % Precision
500 100 100 0% 100 %
450 91 90 1% 99 %
400 81 80 1% 99 %
350 71 70 1% 99 %
300 62 60 3% 97 %
250 52 50 4% 96 %
200 43 40 8 % 93 %
150 32 30 7% 93 %
100 23 20 15 % 85 %

50 11 10 10 % 90 %
Average 5% 95 %
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Table 2. Accuracy of Infusion Percentage for Patient 2

Massa (gr) Measurable Calculated Error % Precision
500 100 100 0% 100 %
450 90 90 0% 100 %
400 81 80 1% 99 %
350 73 70 4% 96 %
300 62 60 3% 97 %
250 52 50 4% 96 %
200 41 40 3% 98 %
150 33 30 10 % 90 %
100 23 20 15 % 85 %

50 13 10 30 % 70 %
Average 5% 93 %

The Table 1 data provided is the result of measuring the mass (grams) and measurable value
of a system. In this analysis, there are several aspects to consider to understand the overall picture
of this data. The majority of the measurement results show a high level of accuracy, with most of
the measurable values being close to the expected (calculated) values. For example, in the case
with a mass of 500 grams, the measurement results presented perfect accuracy with a percentage
error of 0%, demonstrating the reliability of the system in measuring the desired value. However,
there are some cases where there are deviations between the measured and expected values,
which are reflected in different percentage errors. For example, in the case with a mass of 100
grams, there was a percentage error of 15%, indicating inaccuracies in the measurement at lower
values of weight.

It should also be noted that there are variations in the precision (% precision) from one
measurement to another. Although the average precision is 95%, there are some cases where the
precision is lower, such as the case with a mass of 200 grams which has a precision of 93%. This
points to fluctuations in the consistency of the measurement results over time or may depend on
different operational conditions. Thus, although in general the measurement results show a high
level of accuracy, it is necessary to identify and understand the causes of the inaccuracies and
fluctuations that occur. Further analysis can help to identify the factors that contribute to
measurement results that do not meet expectations, allowing for system improvements and
increased measurement accuracy and consistency in the future.

It should also be noted that there are variations in the precision (% precision) from one
measurement to another. Although the average precision is 95%, there are some cases where the
precision is lower, such as the case with a mass of 200 grams which has a precision of 93%. This
points to fluctuations in the consistency of the measurement results over time or may depend on
different operational conditions. Thus, although in general the measurement results show a high
level of accuracy, it is necessary to identify and understand the causes of the inaccuracies and
fluctuations that occur. Further analysis can help to identify the factors that contribute to
measurement results that do not meet expectations, allowing for system improvements and
increased measurement accuracy and consistency in the future.

Based on analysis Tables 2, a similarly high level of precision is observed, with an average

difference between measured and expected values of only 1-4%. However, there are some values
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that show larger variations, especially in measurements with masses of 150 gr and 50 gr. This
suggests that there are factors influencing inaccuracies in measurements at these points, which
require further investigation. Although the average error rate in this analysis is also 5%, it's
important to note that there is an outlier in the measurement with a mass of 50 gr, where the
error reaches 30%. This indicates the possibility of factors affecting inaccuracies in measurements
at that point.

From the comparison of the two analyses, it can be concluded that both show a high level of
precision overall. However, the first analysis tends to be more consistent in producing accurate
results, while the second analysis shows slightly larger variations in measurement results. There
are also differences in the response to various infusion masses, where the second analysis exhibits
an outlier in the measurement with a mass of 50 gr. This underscores the importance of further
evaluation to identify factors affecting inaccuracies in measurements in the second data set.
Nonetheless, both analyses still yield a similar average error rate of 5%, indicating that overall,
they remain reliable in measuring the drop rate and remaining fluid percentage in the infusion.
The accuracy testing results for the number of drops per minute from the optocoupler sensors
for each device can be found in Table 3 and Table 4.

Table 3. Accuracy of Infusion Percentage for Patient 1

Set Poin Measurable Error Acuracy
Input

20 20 0 % 100 %
20 20 0 % 100 %
20 21 5% 95 %
20 22 9% 90 %
20 20 0 % 100 %
20 19 5% 95 %
20 21 5% 95 %
20 19 5% 95 %
20 20 0 % 100 %
20 20 0 % 100 %

Average 3% 97 %

Table 4. Accuracy of Infusion Percentage for Patient 2

Set Poin ~ Measurable Error Acuracy
Input

20 20 0 % 100 %
20 19 5% 95 %
20 20 5% 100 %
20 21 9% 95 %
20 20 0 % 100 %
20 19 5% 95 %
20 21 5% 95 %
20 19 5% 95 %
20 20 0 % 100 %
20 20 0 % 100 %

Average 3% 98 %
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After carefully examining Table 3, a comprehensive set of measurements regarding the
infusion fluid monitoring system was revealed, which included input set points, actual measured
values, percentage error, and resulting accuracy. The analysis illustrated a spectrum of accuracy
levels across the data set, with the majority of measurements showing high levels of accuracy,
mainly reaching 100%. However, minor deviations were noted in certain cases, where the
percentage error fluctuated between 5% to 9%, resulting in accuracy levels of 90% and 95%.
These variations can be caused by a variety of factors, such as sensor calibration, environmental
conditions, or small system fluctuations. However, despite these slight discrepancies, the average
accuracy of the dataset remained commendable at 97%, indicating consistent and reliable
performance of the infusion fluid monitoring system as a whole.

Based on analysis Tables 4, the second dataset also shows a similar pattern to the first, with
the majority of cases achieving very high accuracy (100%) and only a few cases with errors (5-
9%). However, the average accuracy of this dataset is slightly higher, at 98%. This suggests that
the second dataset performs slightly better than the first in terms of predicting and measuring
desired values.

When considering the implications of the difference in accuracy rates between Data 3 and
Data 4 in the context of monitoring the infusion process, a more in-depth assessment of its effect
on medical practice is required. The higher accuracy rate of Data 4, which reaches 98% on
average, provides stronger confidence in the measurement results. This confidence is especially
important in sensitive medical situations where quick and accurate decisions are required to
determine the right treatment for patients. In the supervision of infusion processes, where the
dosage of drugs and intravenous fluids can have a direct impact on the patient's health, the
reliability of the monitoring system is critical. The higher accuracy rate of Data 4 gives medical
practitioners additional confidence in monitoring and managing the infusion process
appropriately.

However, while Data 4 performs better in terms of accuracy, this does not mean that Data 3
does not have similar value. A careful analysis of both datasets can provide valuable insights in
understanding the factors that affect accuracy and consistency in measurements. Data 3, despite
having some measurements with lower accuracy, still performed well overall with an average
accuracy of 97%. This signifies that the monitoring system associated with Data 3 remains
reliable in use, especially if factors causing variations in accuracy can be identified and addressed
correctly.

In this context, it is important to combine qualitative judgment with quantitative data in
evaluating infusion fluid monitoring systems. In addition to considering accuracy rates, factors
such as system reliability, ease of use, and data availability should also be considered. By
understanding thorough the performance and characteristics of each dataset, medical
practitioners can make more informed decisions in selecting and implementing monitoring
systems that suit medical and clinical needs.
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4. Conclusion

Based on the research findings and thorough data analysis conducted on the infusion fluid
monitoring system, it is deduced that the average precision for quantifying the infusion drop
count per apparatus is recorded at 0.97 and 0.98 respectively, accompanied by a relative
comprehension error of approximately 3%. Moreover, the accuracy in gauging the infusion fluid
percentage for each apparatus is established at 7% and 9%, maintaining a relative precision level
of 93% and 91% correspondingly. The infusion fluid monitoring, facilitated by the Wireless
Sensor Network (WSN) technology integrating load cell and optocoupler sensors, emerges as a
pivotal solution in augmenting control and surveillance throughout the infusion procedure. This
advanced system not only demonstrates efficiency in quantifying the remaining infusion fluid
percentage and the infusion drop count per minute but also facilitates seamless data accessibility
via smartphones. Consequently, healthcare practitioners are empowered to simultaneously
monitor multiple patients, thereby elevating the quality of healthcare services and fostering
enhanced patient care. These substantive findings underscore the system's credibility in executing
precise monitoring tasks.
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