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ABSTRACT Nowadays, health care has turned out to be more technology-oriented. Today's technology is
demanded to be practical and easy to use. The number of mobile devices based on the Android operating
system has increased significantly based on data. The open-source nature of android helps in programming
applications easily according to user requirements. A syringe pump is a medical device that functions to enter
the medicinal fluid into the patient's body at a specific dose and time automatically in mL/hour. The syringe
pump is generally equipped with an alarm. Alarms have a vital function to provide information to nurses or
doctors on duty. Medical officers cannot hear alarms outside the patient monitoring room. This paper aims to
design a syringe pump equipped with a NodeMCU8266 WiFi module to provide notifications via a
smartphone so that nurses or doctors can know the alarm even though they are outside the patient monitoring
room. So, this is expected can improve patient safety. In addition, this paper also aims to verify the size of
the syringe against the drug flow rate. Based on the test results, the syringe pump can control the drug flow
rate with a sensor accuracy of 0.0217 and an error rate of 0.6% at a target volume of SmL. The syringe pump
can also send alarm notifications to smartphones in real-time.

INDEX TERMS 10T, Syringe pump, safety patient, medical device, NodeMCU ESP8266.

I. INTRODUCTION
Technological advances can encourage innovations by

The IoT concept is also widely applied to medical

applying the concept of IoT (Internet of Things), a concept that
aims to broaden the benefits of continuous internet
connectivity such as data sharing, remote control, and
including objects in the real world. For example, food,
electronics, any equipment, including living things, are
connected to local and global networks through embedded
sensors and are always active. Several studies related to [oT
applications include, in the agricultural sector [1]-[4] Smart
home [5]-[7], smart fish farm [8]-[10].

equipment, such as research conducted by a researcher from
the Department of Electromedical Engineering Poltekkes
Ministry of Health, Surabaya Agatha Putri Junior, and
colleagues [11]. Their research offers IoT applications for
Vital signs monitoring patients who need treatment
intensively, and their vital condition can be monitored
remotely. [0T is also applied to the Patient Monitoring System
[12]. Heart disease monitoring [13], Remote Health
Monitoring System a[ 14], and similar studies were carried out
by Shivam Gupta et al. [15].
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A syringe pump is a medical device used to provide liquid
medicine or nutrition into the patient's body in a certain
amount and time regularly and automatically [16]-[18].
Syringe pumps are designed to push liquids [19], generally
driven by a stepper motor [20], [21], or direct current motor
[22], which is controlled by a microcontroller. Syringe pumps
are applied in various fields such as the healthcare and
pharmaceutical industries [23]. But unfortunately, the current
syringe pump still has several weaknesses, including the
absence of notification if the liquid inside is about to run out
or experience blockage. These problems will only be known if
observed directly at the location.

In this paper, we offer a syringe pump design equipped
with a NodeMCU8266 WiFi module to provide notifications
via a smartphone so that nurses or doctors can know the alarm
even though they are outside the patient monitoring room. So
this is expected can improve patient safety. The syringe pump
is equipped with a Near Empty Alarm to provide information
that the drug or nutrient liquid will be running out soon [24].
Alarms have a vital role in providing information to nurses or
doctors.

Il. METHODOLOGY

A. EXPERIMENTAL SETUP
The experiment was conducted by using a 50mL syringe with
a drug flow rate of 100mL/h. At the same time, the target
volumes are 5 mL and 10 mL.

B. MATERIALS AND TOOLS

The experiment used the original mechanical system of the
syringe pump brand B Braun type Compact. This mechanical
system has functions to control the rate of the drug in the
syringe and an optocoupler sensor to monitor the number of
rotations of the stepper motor. Other components used
include the Atmegal6 microcontroller module, a motor
driver to control the stepper motor, a 2x16 LCD to display
the drug rate, and the amount of drug that has entered the
patient. Additionally, the Nodemcu Esp8266 WiFi module
was applied to indicate alarms in the form of notifications
sent via smartphone, as shown in FIGURE 1.

FIGURE 1. The mechanical system of the B Braun syringe pump [25]

The mechanical system of the syringe pump consists of
several components that have synergistic functions.

According to the setting value, the stepper motor (1) rotates
at speed. Gear (2) serves to convert the rotation of the motor
into linear motion on the Feed screw (5). Then the motor's
rotational speed is monitored by the sensor disk (3). The
forward thrust can be determined with the ratio of the syringe
size detected by the potentiometer (7). This is where the
volume that comes out can be seen. And finally, this tool is
also equipped with a Nearly empty sensor (6) to determine
the remaining drug in the syringe and a volume counter
sensor (4).

C. EXPERIMENT

In this study, the volume counter sensor was tested with a 10ml
measuring cup (Iwaki brand) with a tolerance of £ 0.1 ml. This
measurement aims to determine the speed of the drug flow rate
driven by a stepper motor. This test also seeks to determine the
amount of drug in the syringe before the alarm and "nearly
empty" notification is sent to the smartphone.
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FIGURE 2. Block diagram of the experimental.

D. BLOCK DIAGRAM

When the device is turned on, the microcontroller waits for a
command from the push button that is setting the drug flow
rate. The push-button also gives an order to the
microcontroller to start the drug delivery process. The stepper
motor will drive the syringe at a speed according to the setting
and controlled by the motor driver. The drug flow rate is
censored by the volume counter sensor. The volume of drug
that has been delivered in real-time will be displayed on the
LCD screen. Nearly empty sensors will detect drugs that are
running low so that an alarm sounds and a notification will be
sent via smartphone to the user. The full block diagram block
was shown in FIGURE 2.
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lll. RESULTS AND DISCUSSION

In this study, testing was carried out using a 50ml syringe and
a drug flow rate of 100ml/hour. The drug that has been
delivered is seen on a measuring cup. Therefore, it can be
compared with the volume monitored by the sensor.

A. MODULE DESIGN

The design of the module was shown in FIGURE 3 with the
caption: 1. Microcontroller 2. Motor driver, 3. Buzzer/ Alarm,
4. Module WiFi Nodemcu ESP8266.

FIGURE 3. The module design of the device. (1) indicates
microcontroller unit, (2) driver motor servo, (3) buzzer alarm, (4) Node
MCU 8266.

B. SYRINGE PUMP TEST RESULTS

The accuracy of the dose produced by the syringe pump was
tested using a measuring cup as shown in FIGURE 4 with a
capacity of 10 mL and a tolerance of = 0.1 mL with a target
volume of 5 mL and 10 mL. The test data are as shown in
TABLE 1 and TABLE 2.

TABLE|
Testing of a syringe pump with a target volume of 5 mil
Testing Measured Data Time Number
Syringe Measuring ~ (minute)  of sensor
pump (ml) cup (ml) readings
1 4.990 5 3.000 230
2 5.041 5 3.016 232
3 5.041 5 3.018 232
4 5.019 5 3.011 231
5 5.041 5 3.015 232
6 5.041 5 3.016 232
Average 5.030 5 3.012 231.5
TABLE 2
Testing of a syringe pump with a target volume of 10 ml
Testing Measured Data Time Number
Syringe Measuring ~ (minute)  of sensor
pump (ml) cup (ml) readings
1 10.039 10 6.013 462
2 10.060 10 6.019 463
3 9.995 10 6.000 460
4 9.995 10 6.000 460
5 9.995 10 6.010 460
6 9.995 10 6.000 460
Average 10.013 10 6.007 460.8

The test results in TABLE 1 showed that the volume of SmL
in the measuring cup could be achieved in an average time
of 3.012 minutes, while on the syringe pump is 5.03 minutes
so the average volume in one minute is 1.669987 mL. Thus
the drug flow rate has a speed of 100.1mL/h. The error rate

of the amount of drug volume in the syringe pump compared
to the measuring cup is 0.6%, while the error rate of the drug
rate compared to the setting is 0.1%.

The test results in TABLE 2 showed that the volume of
10mL in the measuring cup could be achieved in an average
of 6.007 minutes, while the syringe pump is 10.013mL.
Therefore, the average volume in one minute is 1.666889
mL. Thus the drug rate has a speed of 100.01mL/h. The error
rate for the amount of drug volume in the syringe pump was
compared with the measuring cup by 0.13%, while the error
rate for the drug rate was compared with the setting is 0.1%.

Based on a 5 ml measuring cup target, the drug rate in the
syringe pump is 100mL/h. The total volume is 5.041mL;
based on Table 1 in the 5th test, the volume counter sensor
reads 232 data, so the sensor accuracy is 0.0217 mL. Likewise,
for the 10 ml measuring cup target, based on table 2 of the 1st
test, the total volume is 10.039 mL with a sensor reading of
462, so the sensor accuracy is 0.0217 mL.

FIGURE 4. Testing the syringe pump with a measuring cup

C. ALARM AND NOTIFICATION TESTING VIA
SMARTPHONE

In addition, testing the accuracy of the volume was carried
out on alarm parameters and notifications via smartphones.
A syringe pump equipped with a nearly empty sensor will
detect the condition of the drug is almost empty. Nearly
empty information will be displayed on the LCD screen on
the syringe pump accompanied by a buzzer sound, as shown
in FIGURE 5. Notifications are also sent to the smartphone,
as shown in FIGURE 5(b). FIGURE 5(a) showed that nearly
empty alarms and notifications occur when the medication
amount is 10mL left. At the same time, notifications are also
sent via smartphone, as shown in FIGURE 5(b). Alarms and
notifications always pop up every 30 seconds until there is
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an action from the user to reset the alarm, stop the drug or
continue it.

(a)
(a) Nearly empty alarms and notifications (b). Nearly empty
notification sent to a smartphone.

FIGURE 5.

The calculation of the average error at the target volume
of SmL = 0.6%, while at the larger target of 10mL = 0.1%.
Errors can be caused by the accuracy of the measuring cup,
which is read manually by the researcher. Based on
Emergency Care Research Institute (ECRI) the requirement
regarding the maximum permissible error in the syringe is
5% so that a syringe pump equipped with an IoT system is
feasible to use. A nearly empty notification is sent via a
smartphone when there is only 10mL of medication
remaining in a 50mL syringe, different from using another
syringe size. This is due to the use of an optocoupler sensor
oriented to distance, not the diameter of the syringe.

Compared to previous research conducted by Miharja
[1], they use a web-based application using the PHP
programming language with the Mysql database. This study
is more focused on dose calculation using a web application.
After getting the data on the drug rate (cc/hour), it was
entered manually into the syringe pump. In our study, it was
more focused on patient safety. When the drug in the syringe
pump is nearing empty, it will get a notification in the form
of an alarm to the smartphone via IoT. This is due to the
limited hearing distance of the alarm sound. Following the
syringe pump standard, the drug rate data setting (cc/hour) is
not changed.

The only limitation or weakness in this research is the
limited use of a syringe pump on the device. This smart
syringe pump can only detect 30 and 60 ml syringe pump
sizes. The limitation will be overcome by testing all types of
syringe pump sizes in the future.

IV. CONCLUSION

A smart syringe pump-based IoT was successfully designed
using NodeMCU8266 WiFi. It can notify the smartphone and
alarm that the liquid is nearly empty (20% liquid or 10mL of
drug leftin a SOmL syringe). Furthermore, the volume counter
sensor can read every 0.0217 mL with an average error of
0.6% ata volume of SmL. While at the target volume of 10mL,
the average error rate is 0.1%. The findings are expected to be
applied in the medical world to increase patient safety.
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