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ABSTRACT

This paper focuses on the research and development of a
medical device designed to monitor and supervise intravenous
infusion for patients by leveraging Internet of Things (loT)
technologies. The proposed device is expected to have the
following fundamental functionalities: setting the volume of the
solution to be infused; setting the drip rate in drops per minute;
calculating and displaying the remaining volume of the solution;
calculating and displaying the remaining infusion time; and
Alerting doctors and patients at different time intervals. The
advantages of the designed product include low system design
cost based on the current price of components; simple and
comprehensible programming language with high scalability;
experimental results indicating stable and accurate system
operation with low power consumption; and ease of operation,
use, maintenance, and servicing. Furthermore, the research
results have practical applicability in hospitals or medical
facilities and can be used as a practice model for Biomedical
Engineering students at educational institutions, where there is
a significant lack of practical training products in this field.
Keywords: Intravenous infusion; medical devices; monitoring;
control; Internet of Things.

1. Introduction

In recent times, traditional methods used to monitor
intravenous therapy in healthcare facilities, especially in
Vietnam, have become outdated due to the heavy
workload and the occasional negligence and lack of
attention, which can increasingly harm patient health.
Intravenous therapy is an area of research receiving
growing interest in modern medicine, with broad
potential applications in diagnosing and treating
cardiovascular diseases, cancer, and other circulatory
system-related conditions. Notably, the development of
automated infusion  devices utilizing  modern
communication technologies such as the Internet of
Things (loT) is attracting attention from the scientific
research community and manufacturers due to their
potential to improve efficiency and meet the increasing
demands of clinical practice.
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Several surveys on published research and products related to this topic include:

In some recent publications [1]-[3], the authors used Bluetooth technology, which
includes various infusion monitoring devices that detect infusion rates and collect data,
sending it to a central display at the healthcare station for necessary actions. Another group
of authors developed a health information alert system using Bluetooth and GPRS
technology, where the system monitors, collects data and sends information to an Al-based
analysis counter. Another publication developed a real-time electronic saline monitoring
system using infrared sensors to detect drip rates, transmission power, and a servo gauge
to control the drip rate mechanism.

In publications from a few years ago [4]-[7], the authors developed an alert system
based on Radio Frequency Identification (RFID) technology. This RFID technology
functions as a trigger device for the developed system. Specially designed RF tags can be
attached to any available fluid package. Another group of authors developed an RFID-
based infusion monitoring system using the Zigbee protocol as a sensor, ensuring high
accuracy and reliability in monitoring system activity levels.

As in this study, the above surveys indicate that the use of 10T technologies in
designing infusion monitoring devices still needs to be improved. Moreover, this research
will apply today's most modern and widely used communication technologies. The cost,
ease of installation and maintenance, and the ability to customize and update necessary
functions are simple. The objective of this paper is to present the design and creation of a
device to assist doctors and patients during infusion with the following features:

- Set the volume of the solution to be infused: used to set the volume for the patient,
measured in milliliters.

- Set the drip rate (drops/minute): Allows the drops/minute to be set after the doctor
has adjusted and counted.

- Calculate and display the remaining solution volume: enables doctors and patients
to know the relatively accurate volume of the solution on the LCD screen.

- Calculate and display the remaining infusion time: inform patients and doctors of
the remaining time until the infusion is completed.

- Alert doctors and patients when the infusion time is 10 minutes, 5 minutes, and 1
minute remaining.

- The system can communicate wirelessly via Wi-Fi.

- The system can connect to the Internet and provide real-time updates.

2. Research methods and system development
2.1. System block diagram construction

Based on theoretical research on real-world infusion methods from previous studies
[2]-[5] and the specific requirements of the problem, the author proposes a technological
solution: designing a system to monitor infusion time based on two parameters: the volume
of the infusion bottle and the drip rate (drops per minute) to calculate the infusion
completion time for the patient. The system employs Wi-Fi communication technology
using the ESP8266 Wi-Fi module. Results are simultaneously displayed on an LCD screen
and a smartphone app, providing a visual, convenient, and accurate monitoring experience.
The block diagram of the system includes the following components (Figure 1):
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1. Infusion bottle volume sensor: Measures the volume of the infusion solution.

2. Drip rate sensor: Detects the number of drops per minute.

3. Microcontroller unit (MCU): Processes sensor data and calculates the
remaining infusion time.

4. ESP8266 Wi-Fi module: Facilitates wireless communication and data
transmission.

5. LCD display: Shows the infusion status and remaining time.

6. Smartphone app: Receives data from the MCU via Wi-Fi and provides a user-
friendly interface for monitoring.

This system architecture ensures real-time monitoring of the infusion process,
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Figure 1: Block diagram describing the overall system operation
The functions of each block are described in Table 1:
Table 1: Components and detailed functions

Components Function

Provides a 5V power supply for the microcontroller, LCD, LED,
and alert speaker.

Processes information received from the buttons, calculates the
data to be displayed on the LCD and generates alerts through the
speaker and LED. Transmits the results via the ESP8266.
Displays the volume of the solution to be infused, the infusion rate,
Display Block the time until infusion completion, and the remaining volume of
the solution.

Receives commands from the microcontroller to issue alerts when
the infusion time has 10 minutes, 5 minutes, and 1 minute remaining.

Power Supply Block

Microcontroller
Unit (MCU) Block

Alert Block
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Components Function
Data Input Block | Allows data input for solutions such as volume and infusion rate.

Data Transmission |Receives results and transmits them to the Internet, providing real-
Block time updates from the Internet.

Formulating the calculation for infusion time: According to the specifications
of standard infusion tubing, 20 drops correspond to 1 ml.
Total time (minutes) = (Total infusion volume in drops/drops per minute)
For example, if the infusion volume is 500 ml, the infusion rate is 100 drops per
minute, and standard tubing yields 20 drops per ml, the total infusion time is calculated as:
500x20
100

2.2. Hardware design of the system

= 100 minutes

Total time =

a. Circuit design for the system

Based on the survey and the objective of building the product, Figure 2 below
illustrates the circuit design principles of the system [6]-[13].
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Figure 2: System principle diagram

Operating principle:

After powering the system, the ESP8266 will search for and connect to the pre-
configured Wi-Fi network. Once the ESP8266 connects to the Internet via Wi-Fi, the LCD
screen will display the time. The user can input the infusion volume and rate using the
SET, UP, and DOWN buttons and start the infusion timer. The ESP8266 module will
transmit the configured data to the smartphone, facilitating monitoring for the physician.
As the infusion process nears completion, the device will issue alerts to the physician and
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the patient. The buttons are connected to Arduino’s D12, D11, and D10 pins and are pulled
up using internal resistors. When a button is not pressed, the Arduino reads a HIGH logic
level; when pressed, it reads a LOW logic level.

The buzzer is connected to the D9 pin of the Arduino. When the Arduino outputs
a HIGH logic signal, the buzzer will sound an alert; conversely, when a LOW signal is
output, the buzzer will turn off. The RGB LED is connected to the Arduino's D8, D7, and
D6 pins. The Arduino outputs a HIGH logic signal to turn the LED on and a LOW signal
to turn it off. The ESP8266 module is connected via UART communication, with the
Arduino’'s Tx pin connected to the Rx pin of the ESP8266 and the Arduino’'s Rx pin
connected to the Tx pin of the ESP8266. The ESP8266 operates using power supplied by
Arduino. The 16x2 LCD screen is connected to the LCD 12C decoder circuit and
communicates with the Arduino via 12C. The SDA pin of the Arduino connects to the SDA
pin of the LCD I2C, and the SCL pin of the Arduino connects to the SCL pin of the LCD
I2C. The 1602 LCD screen also uses power from the Arduino.

The research tasks include:

e Programming the interface between Arduino and LCD 12C.

e Programming the interface between Arduino and ESP8266.

e Programming input and output communication with buttons, LEDs, and the
buzzer.

e Updating real-time information from the Internet and creating a timer.

e Calculating the infusion time.

e Transmitting results to the Internet.

b. Components used in the system

- Power Supply Block: The AMS1117-5.0V IC provides power to the Arduino
Uno R3 and the LCD.

- Data Input Block: Includes buttons that allow the setting of parameters such as
the infusion volume and drip rate.

- Central Processing Unit: Processes input data from the buttons, calculates,
displays on the LCD, and generates alerts.

- Display Block: The 16x2 LCD screen shows the infusion volume, drip rate in
drops per minute, remaining solution volume, and infusion time.

- Alert Block: Includes LEDs and a buzzer to alert the physician and patient when
the infusion time has 10 minutes, 5 minutes, and 1 minute remaining.

- This study utilizes an Arduino Nano (programmed with the Arduino IDE), a
crucial component in the central processing unit that controls the system's operations.

2.3. Software application interface design
a. Algorithm flowchart construction

The completed product is a combination of multiple subprograms and
programming algorithms. Below are the algorithm flowcharts that sequentially design and
program each aspect of the product. Details are illustrated in Figures 3, 4, and 5.

Detailed description of each algorithm flowchart:

- Connecting to the internet and updating real-time (Figure 3): The ESP8266
module connects to the Internet via Wi-Fi and uses software to obtain the real-time clock
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from an NTP (Network Time Protocol) server. NTP is a protocol used to synchronize
clocks between servers, ensuring that all components in the network are synchronized with
Coordinated Universal Time (UTC) to the millisecond. This rapid synchronization makes
the real-time clock nearly accurate.

- Program setup algorithm flowchart (Figure 4): After updating the real-time clock,
the user inputs two parameters: the infusion volume and the infusion rate. The data entry
process is quick and user-friendly. Once the data is entered, the start and end times of the
infusion are displayed visually on the LCD.

- Infusion monitoring program algorithm flowchart (Figure 5): After setting the
volume and rate, the SET button on the device initiates the alert program. The LCD displays
the infusion volume and remaining time, which decreases to zero. A “while" loop checks if
the remaining infusion time reaches 10 minutes, 5 minutes, or 1 minute, triggering alerts
accordingly. When the infusion time ends, the program concludes. Simultaneously, the
results are transmitted to the server for real-time updates on the smartphone.

e o o
# ~, ‘-
[ BE®IN |
BEGIN [ pEGiN |

o S T

I FTIALIZATICN
¥ . &
SYSTEM SYSTEM INITIALIZATION
MO
IMITLALIZATION CHECK IF THE =T

WIFI INTERMET
COMMECTION

&UCCESSFUL,
\GONNECTION

|

REAL-TIME DISPLAY

l

# ",

CHECK IF THE g7 NO
< BUTTONIS >
. PRESSED -

" o
, &

YES

ENTER VOLUME AND/

BUTTOM IS PRESSER

YES

L]
START TIANG THE
MELUSION

L
LCD DISPLEY
MFUSED ¥WOLUME
INFUEION RATE
START TIME
END TIME
REMAINING WILUME

L
TRAMEMIT RESULTS

N [ INFUSION RATE | TO) SERVER
TE= J i =
¥ L4
REAL-TIME LG NSPLAY AN
LPDI"&TE WOLUME mo _ YEE
REMAINING
INFUSICN RATE < 10 MINUTES LEFT
INFUSION TIME 5 MINUTES LEFT,
L MINUTE LEFT
- £z -
o -,
I: END N
b ~~ T e -
A ’ 4 ™ - ™,
e [ END (" enp )
. . . " L ..
Figures 3: Connecting — —

to the internet
and updating real-time

Figures 4 Program setup | Figures 5: Infusion monitoring
algorithm flowchart program algorithm flowchart

96




Vinh University Journal of Science Vol. 53, No. 3A/2024

b. Developing the application software

The application software is developed based on the Blynk platform in this study.
Blynk is an iOS and Android application used to control ESP8266, Arduino, Raspberry Pi,
and other devices over the Internet. The platform consists of three main components:

e Blynk App: Allows users to create interfaces for the product by dragging and
dropping various pre-designed widgets provided by the platform.

e Blynk Server: Manages the central data processing between smartphones,
tablets, and hardware. Users can either use the Blynk Cloud service provided by Blynk or
set up their own Blynk server on a personal computer. As an open-source solution, it can
be easily integrated into devices and even used with a Raspberry Pi as the server.

e Blynk Library: Supports most popular hardware platforms, facilitating
communication with the server and handling all incoming and outgoing commands.

3. Results and discussion

Following the research, design, and testing phases, the development and
implementation of the medical Infusion monitoring system has been completed. The
hardware product includes the following features (Figure 6):

- Volume setting: Allows the required infusion volume to be set.

- Drip rate setting: Enables the configuration of the infusion rate in drops per minute.

- Remaining volume calculation and display: Provides a relatively accurate display
of the remaining solution volume on the LCD for the physician and patient.

- Remaining time calculation and display: Shows the time remaining until infusion
completion, informing the patient and physician.

- Alerts: Issues warnings to the physician and patient when the infusion time
reaches 10 minutes, 5 minutes, and 1 minute.

- Smartphone application: Offers intuitive visual displays for easy monitoring.

Figure 6: Actual images of the product

Some images of the product in practical use are shown in Figures 9 to 16:
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Figure 15: Alert when 10 minutes remain  Figure 16: Alert when 1 minute remains

After the infusion, the device returns to the start screen (Figure 17).

Figure 17: End of Cycle

The device continuously monitors the infusion volume and provides immediate
alerts to medical staff when abnormalities are detected. The 10T application optimizes
patient care processes, minimizes errors, and enhances management efficiency. Clinical
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trial results show that the device operates stably and accurately, offering promising
prospects for widespread application in healthcare facilities.

4. Conclusion

This study has successfully designed and fabricated an intravenous infusion
monitoring device utilizing Internet of Things (10T) technology. The hardware system of
the device has achieved essential features, including pre-setting the infusion volume and
rate, configuring input parameters, calculating the remaining solution volume, predicting
infusion completion time, and providing alerts to physicians and patients through a buzzer
and LEDs when the remaining infusion time reaches 10 minutes, 5 minutes, and 1 minute.
This device not only supports physicians and patients during intravenous infusions but also
contributes to improving effectiveness and safety in medical care. Additionally, the
research model and resulting product can serve as practical training equipment for students
and trainees in Biomedical Engineering and Electronics Engineering, addressing the
current shortage of practical devices for advanced technology applications in healthcare.
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TOM TAT

NGHIEN CUU THIET KE, CHE TAO
THIET Bl THEO DOI TRUYEN DICH TiINH MACH
UNG DUNG CONG NGHE MANG KET NOI VAN VAT

Nguyén Thj Thu
Truong Dai hoc Kinh té Ky thudt Cong nghiép, Ha Noi, Viét Nam
Ngay nhén bai 25/6/2024, ngay nhan dang 23/8/2024

Bai bdo nay tap trung nghién ciru va xay dung mot thiét bi y té co chirc ning theo
doi va giam sat viéc truyen tinh mach cho bénh nhan ung dung céc cong nghé mang két
nbi van vat. San pham dugc thiét ké du kién c6 cac chirc nang co ban nhu: Cai dat thé
tich dung dich can truyén; Cai dat s6 toc do truyen giot/phut; Tinh va hién thi thé tich
dung dich con lai; Tinh va hién thi thoi gian truyén con lai; Canh bao cho bac si, bénh
nhan & cac mdc thoi gian khac nhau. Uu diém cua san pham thiét ké bao gdm: chi phi
thiét ké hé thong thap theo gia thanh mua sim linh kién vao thoi diém hién tai; ngon ngir
1ap trinh don gian d& hiéu va c6 kha ning mo rong cao; két qua thuc nghiém cho thay hé
thong hoat dong 6n dinh chinh xac véi dién nang tiéu thy it; Hé théng d& van hanh sir
dung va bao tri bao dudng. Hon nira, két /qua cua nghién ctru ¢6 tinh thyc tién trén thuc
té tai cac bénh vién hodc co so'y té, co thé st dung lam mb hinh thyc hanh cho sinh vién
nganh K¥ thuat Y sinh tai cic co s& ddo tao, noi con dang rat thiéu nhiéu cic san pham
thuc hanh vé linh vuc nay.

Tir khoa: Tinh mach; thiét bi y té; giam sét; diéu khién; mang két ndi van vat.
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