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ABSTRACT

Intravenous fluid therapy is a commonly used treatment modality that
is used in the treatment of hospitalized patients. Intravenous flow rates
are often controlled by counting the number of fluid drops in a drip
chamber while adjusting the intravenous line with a watch. In this
research, an intravenous infusion dosing system was designed based
on periodic signal measurement using a pair of light couplers
consisting of a transmitter and a receiver. The transmitter is built using
an infrared LED (BPV10NF), while the receiver uses an infrared
photodiode detector (BPW34). The infusion droplet will pass a slit
between the two coupler components and interrupt the light
transmission from the transmitter to the receiver, which will affect the
current through the photodiode and change the output status of the
circuits. The parameters obtained from this circuit signal are droplet
frequency from 1 Hz to 10 Hz and droplet sizes 0.05 ml and 0.0167
ml. The resulting output signal is in the form of pulses due to the
interruption of the droplet when it passes through the optocoupler. The
droplet frequency is calculated based on the period between adjacent
droplets, while the droplet size can be measured based on the width of
the resulting pulse. For the droplet measurement process, variations
of the droplet period and the number of droplets per ml were carried
out. The droplet period is regulated by manually adjusting the aperture
of the infusion droplet outlet faucet. In contrast, the droplet size is
controlled by two types of infusion devices with 20 drops/ml and 60
drops/ml specifications. The experimental results can be used to
develop a system response that detects changes in period and droplet
size.
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INTRODUCTION

In medical, infusion is a very important and a basic treatment for a patient in hospital. It is a
method in medical purposes of supplying fluids or drugs into a body through an intravenous
track or directly into a vein [1]. Supplying fluids or drugs through intravenous track is needed
when patient requires drugs that must be received by the body soon or requires drugs or fluids
at a certain flow rate. Unfortunately, it is often impossible for the patient to be supplied with
normal medication, for example, when a patient disables because of highly need much fluids,
has a nerve problem, brain cancer, or paralyzed, it is impossible for them to take meals.
Furthermore, delivering fluids or medication through intravenous is also used in other
purposes i.e., inserting anti-inflammation drugs, changing fluids concentration, and can also
be used for sport needs.

When an infusion system is applied on patients, there are some parameters that should be
considered to obtain good treatment to the patients. They are type of fluids, flow rate of the
fluids or volume, and the amount of rest fluids in the infusion chamber. The amount of the
medication given to the patients is determined by their physical condition, weight, sex, and
age. The medication given to the patients should be appropriate to their needs. The lack or
excess medication for patients can cause any serious problem to them. Therefore, care must
be taken when dealing and designing drugs treatment to the patients. The patients like children
and aged people are in high risk of mistreatment of medication. Medical personnel should pay
more attention to check the infusion system regularly. This control cannot contain mistake as
well as on the replacement of the infusion liquids.

On the traditional method, the insertion of intravenous fluids to the patients must be regularly
watched and monitored by medical personnel. This method consumes much times and caused
unpractical process during patients monitoring [2,3]. Dealing with this condition, many
systems for monitoring and controlling intravenous fluids or drugs given to patients have been
developed. From some prior studies, the level of intravenous fluids given to the patient was
implemented using analytical models [4], microwave TDR [5], learning-based computer
vision [6], electrodes, and optical sensors [1]. However, these studies have not yet provided
the information about infusion system parameters needed for monitoring and controlling or
alert method to the personnel in charge of the patient [7]. The Infusion Fluid Level Monitoring
System has widely developed by many researchers. The developed system has succeeded in
detecting a low level of 1V fluids. They also developed the communication system for remote
monitoring, but the use of the communication is mostly still limited to close distance and is
not effective for large and multi-storey hospital environments. The development of an
intravenous fluid monitoring and warning system using wireless communication has also been
carried out [8]. The use of wireless communication or radio frequencies in the sending of
information is very sensitive to interference because the low radio frequency waves are easily
disturbed caused by any other EM waves. Previous studies have also developed a monitoring
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system for infusion fluid levels using a wireless communication system [9-11]. The
disadvantage of using this wireless communication system is the installation of a system that
requires high costs and the complexity of the system to be built. However, it offers high
precision communication data and reliability.

This study aims the precision infusion flow rate measurement with the developed
measurement system, which required in the precision treatment. The system is built with
standard optical method [12] but with improved measuring capability with drops volume
measurement. The infrared sensor used to measure height functions using the reflection
response caused by fluids in the infusion tube. When fluid is established in the tube, light that
has currently flowed through a slit and is reflected into the tube wall will refract and enter the
liquid. As a result, the light that is reflected by the tube wall is reduced, which in turn affects
the output response of the infrared receiving sensor. The precision data then can be developed
for wireless recording and monitoring at a nurse station. The results obtained in this study have
shown an ability to distinguish drops volume to measure further function such as flow
measurements.

METHOD

To be able to detect the infusion system parameters, there should be a monitoring system that
provides all the information needed [13]. The monitoring system could be built based on the
drops measurements which consist of drops rate and volume. These two parameters could give
information about flow rate and the kind of fluids used for the infusion. The rate can easily be
measured by drops counting in a certain time. The drops counting can utilize infrared obstacle
detector which works as a digital sensor. This function does not care about signal amplitude
or pulse width, since it only measures the number of occurrences for a certain time. Different
with rate detection, volume detection involves can be realized with droplets shadow area
measurement on a photodiode. This area measurement utilizes analog output of the photodiode
detector, since there is correlation between the area of the shadow and the analog output. The
diagram of the method is shown in FIGURE 1.
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FIGURE 1. Infusion droplets detection using infrared sensor

The area consists of two dimensions which are height and width. The height measurement can
easily be measured through digital pulse output, where the height affects the starting and
ending point of the pulse due to falling drops. Different with height measurement, the width

(P SPEKTRA |95



SPEKTRA: Jurnal Fisika dan Aplikasinya olume 7 Issue 2, September 2022

measurement needs intensity measurement of the photodiode because the width affects the
area covered by the drops which determine the current resulted from the photodiode.

Sensor System

The drops rate measurement is similar to digital counting where it only measures the number
of pulses per second. Therefore, all it needs is the pulse generated from the detector. It does
not care about the pulse width. The rate measurement must be fast in order to avoid error due
to delay pulse caused by electronic system. At least it should be faster ten times of the
maximum rate of the falling drops.

FIGURE 2. Photodiode array connection.

To be able to measure droplets shadow area, the photodiode detector should be wide enough,
so that the droplets size can be distinguishable for different nozzle size and infusion solution.
This becoming a challenge since only a few photodiodes that have large sensitive area. To deal
with this situation, a large sensitive area photodiode can be made by building a photodiode
array. These photodiodes can be connected in parallel connection to add current generated
from all photodiodes. The connection can be made like arrangement in FIGURE 2.

Rate and Volume Detection

Rate and volume detection of Infusion droplets can be carried out in one process. The rate
detection utilizes digital pulse resulted from the detection system, while the volume can be
determined using the rate and the pulse width due to the droplets heights which can also be
resulted from the detection system. The rate is counted using occurrence counter from a digital
counter, while the pulse width is calculated using timer of a digital timer. Therefore, for these
tasks a microcontroller like Arduino Uno can handle the processes.

The rate measurement only considers whether there is pulse or not and it will work with any
pulse width. Therefore, the care must be taken only in electronic design of the signal
processing to provide time delay as low as possible to avoid thin pulse failed to appear. The
response of the electronic should be set to ten times faster than the maximum drops rate. The
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same case should be applied on the volume measurement. The electronic response must be
able to detect the smallest volume wanted to be measured.

System Design

The system is built with an implementation of an opto-coupler, which can employ the drops
as the detected object to disturb the light transmission between transmitter and receiver. An
optocoupler, which is an LED and a phototransistor in a single package, is usually used to
provide the feedback signal [14]. The wavelength characteristics of the light transmitted by
the transmitter and the light received by the photodiode should be the same to obtain high
sensitivity response for transparent object like water or infusion solution. Therefore, an
infrared LED BPV10NF and an infrared photodiode BPW34 are used, since they have match
wavelength characteristics.

The system is designed by considering the noise and the ringing of the digital signal from the
photodiode detector. This should be taken into account unless the processes result in error
result of rate and volume detection. The first signal processing usually uses standard current
to voltage converter with transimpedance circuit which converts the current from the
photodiode to an adequate output voltage level. Then it is followed by a comparator to detect
transition and change it to sharp pulse. Since it only involves digital signal, a digital processor
is then implemented such as a microcontroller for better compact and integrated system due
to its complete features. The measurement results further can be connected to a PC or a
wireless communication for remote real-time monitoring from a central station in a hospital.
The general block diagram of the infusion system is shown in FIGURE 3.

PD IV hysteresis
array comparator

FIGURE 3. System design of drops detection.

To eliminate the noise and ringing pulses, a hysteresis comparator has been used. This
comparator prevents direct comparation using two level reference voltages. It creates a
window where the noise cannot make an instant change on the comparator output [15]. This
window can be adjusted depending on the noise level of the photodiode output. It is very useful
in a precision time measurement like pulse width measurement in this application.

The pulse rate and width were measured using digital method by a standard microcontroller.
The measurement implements interrupt feature in the microcontroller to ensure fast pulse edge
detection. The pulse rate measurement involves only positive or negative pulse edge, since it
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only measures pulse number per unit time. Inversely, pulse width measurement involves both
edges of the pulse, since it measures time difference between them. Therefore, interrupt should
be activated for both edges, but later can be check whether it is positive or negative for
corresponding measurement.

RESULT AND DISCUSSION

The experiments of rate and volume detections have been conducted and provide reliable
results which show the effectivity of the detection system method. The first experiment is the
general system functionality test, which aims to see the basic response of the detection system.
The system is run at an arbitrary droplet rate and volume. The response is shown in FIGURE
4.

Arnplitude (V)
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Time (5)

FIGURE 4. Detection system response to droplets.

Based on FIGURE 4, it shows the pulses generated by the drops in the experiments. The pulses
are seen smooth and very narrow with the peak at 5 V, which is set in accordance with the
standard digital level. The good smoothness is supported by the implementation of the
hysteresis comparator which eliminates the unwanted ringing pulses. The narrow width of the
pulse is apparently caused by the low sensitivity setting of the photodiode. It can be increased
depending on the requirement.

The drops rate measurements are carried out by varying the clamp of the infusion. In this
experiment there are three openings were made i.e., small, medium, and large openings. The
drops rate was also observed to ensure the rate change. Then, the output signal of these
conditions was recorded for analysis. The measurement results are shown in FIGURE 5.
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FIGURE 5. Rate variation detection due to valve opening.

The drops rate experiment results shown in FIGURE 5 describe the change of pulse period for
changing clamp opening. The larger the opening, the higher the rate of the drops, and vice
versa. From these pulses, it is seen that the smaller period is about 0.33 s and the larger period
is about 0.5 s or 7 drops/s and 2 drops/s. Through this drops frequency and later combined
with drops volume the drops flow can be determined.

The drops volume is measured by varying the infusion “number of drops per ml” type. Two
type of drops volume were used i.e., 20 drops/ml and 60 drops/ml to created different volume
drops. The pulse width of these drops was measured and the results are depicted in FIGURE
6.
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FIGURE 6. Pulse width variation based on drops volume.

The curves in FIGURE 6 shows the pulse width differences from two drops sizes of two
standard infusion drop types. The pulse width for infusion type of “20 drops/ml” is seen larger
than the infusion type of “60 drops/ml”. Moore [16] conducted an objective assessment based
on the variability in the number of drops per bottle for the treatment of glaucoma. The ratio
obtained by size and volume was an average of 20.9 drops/ml to 40.8 drops/ml. This shows
the agreement that the infusion with higher drops number per ml would yield smaller pulse
width compared to the infusion with lower drops number per ml. This is true since the higher
number of drops per ml will produce smaller drops volume due to smaller nozzle. This small
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volume shortens the starting and ending time of the shadow of the drops, and the opposite case
is applied when the volume is larger.

CONCLUSION

It has been shown that the developed system works with the drops detection on the rate and
volume. The rate has affected the number of pulses created during a period of time which
calculated through the counter in the processor, while the volume has affected the light
intensity received which is detected through the pulse width measured with timer in the
processor. The results obtained agree with the theory and show good correlation between the
quantities measured and the outputs. To increase the accuracy, an analog pulse peak can be
considered to be measured.
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