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ABSTRACT 
Intravenous drug delivery requires accurate and 

continuous monitoring to prevent complications 

associated with under-infusion and over-infusion, 

especially in critical care applications. Conventional 

infusion systems used in many healthcare facilities 

are often limited by inadequate monitoring, poor 

connectivity, delayed fault detection, and heavy 

dependence on manual supervision. This study 

presents the design and development of a smart 

syringe drive flowrate monitoring system for real-

time infusion monitoring and control. The 

developed system integrates a microcontroller-based 

control unit, a stepper motor-driven syringe 

mechanism, a flow-sensing unit, a pressure 

monitoring module, an alarm system, and a wireless 

communication interface for remote supervision. 

The system operates using a closed-loop feedback 

mechanism that continuously monitors infusion 

parameters and dynamically regulates syringe drive 

operation to maintain accurate drug delivery.The 

developed device was designed to measure infusion 

flowrate, monitor syringe displacement, detect 

abnormal operating conditions such as occlusion or 

empty-syringe conditions, and transmit real-time 

infusion data through an IoT platform for remote 

monitoring. Performance evaluation of the 

developed system was carried out under simulated 

clinical conditions using a reference infusion 

analyzer. Experimental results demonstrated close 

agreement between the developed system and the 

reference monitor, indicating good accuracy, 

responsiveness, and operational reliability. Wireless 

communication tests also confirmed stable real-time 

data transmission and remote accessibility of 

infusion parameters. The developed smart syringe 

drive system provides a low-cost and reliable 

solution for intelligent infusion monitoring in 

healthcare environments. The integration of IoT 

technology enhances patient supervision, improves 

safety, reduces medication delivery errors, and 

supports the advancement of digital healthcare 

systems, particularly in resource-limited settings. 

 

Keywords: Smart infusion monitoring, syringe 

drive, IoT, flowrate sensor, microcontroller, closed-

loop control, patient safety 

 

I. INTRODUCTION 
The administration of intravenous (IV) 

fluids and medications is one of the most common 

therapeutic procedures in modern healthcare, with 

billions of infusions delivered annually worldwide 

(Mu et al., 2025). According to the World Health 

Organization (WHO, 2022), more than 80% of 

hospitalised patients receive intravenous therapy 

during their stay (Sardana et al., 2019). Despite its 

widespread use, infusion therapy is associated with 

significant risks. A global report by the Institute for 

Safe Medication Practices (ISMP, 2021) indicates 

that over 60% of serious and life-threatening 

medication errors in hospitals are related to 

intravenous drug administration, often due to 

inaccurate flow regulation, unnoticed occlusions, or 

human oversight (Liu et al., 2009; Mathi et al., 

2021; Mu et al., 2025; Shirzadfar et al., 2024). 

In low- and middle-income countries, these 

risks are further amplified by reliance on gravity-

driven infusion systems, in which nurses manually 

regulate flow using roller clamps and periodic 

monitoring (Mishra & Kalpana, 2022). Studies have 

shown that such manual adjustments can result in 

deviations of up to ±45% from the intended flow 

rate, exposing patients to under-infusion, overdose, 

or treatment failure (Alamer & Alanazi, 2023; 

Rothschild et al., 2005; Wan & Wang, 2018). In 

critical care settings, such as chemotherapy, 

neonatal care, and anaesthesia, the consequences of 

these inaccuracies can be fatal (Ibarra-Pérez et al., 

2021; Pang et al., 2011). Medical conditions such as 

cancer, diabetes, cardiovascular disease, sepsis, 

severe infection, and neonatal care require precise 
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and continuous drug infusion (Lehr et al., 2019; 

Ohashi et al., 2014). 

Several designs have been proposed for 

infusion pumps to mitigate the risks of intravenous 

therapy by providing automated and programmable 

drug delivery (Brown et al., 2018; Handayani et al., 

2024; Mathi et al., 2021; Rothschild et al., 2005; 

Salah et al., 2023; Sardana et al., 2019; Shirzadfar et 

al., 2024; Wan & Wang, 2018). While effective, 

they remain costly, maintenance-intensive, and 

dependent on proprietary technologies. This limits 

their availability in resource-constrained hospitals. 

Moreover, most existing devices lack advanced 

connectivity features, restricting real-time 

monitoring, integration with hospital information 

systems, and remote supervision. These limitations 

pose a major challenge in an era in which digital 

health, telemedicine, and Internet of Things (IoT) 

technologies are transforming healthcare delivery. 

IoT-enabled medical devices have emerged 

as a critical innovation in addressing these gaps. By 

embedding sensors, microcontrollers, wireless 

communication modules, and cloud connectivity, 

IoT-based infusion monitors can not only regulate 

drug delivery but also transmit real-time infusion 

data to healthcare providers via mobile devices or 

centralised dashboards (Mathi et al., 2021; Mishra & 

Kalpana, 2022; Mu et al., 2025; Salah et al., 2023; 

Sardana et al., 2019; N. Shah & Jani, 2020). This 

ensures continuous supervision, early detection of 

anomalies such as occlusion or empty reservoirs, 

and prompt clinical intervention. Beyond safety, IoT 

integration supports electronic health record (EHR) 

linkage, data logging for audit purposes, and 

predictive analytics for patient-centred care. 

Several studies have explored the design 

and fabrication of smart IoT-based drug infusion 

pumps, with differing emphases on safety, 

automation, and remote monitoring. Kok et al. 

(2024) focused on a low-cost, cloud-enabled 

infusion system aimed at improving telemedicine. 

They implemented a microcontroller-driven 

prototype with Wi-Fi connectivity that allowed 

clinicians to monitor infusion remotely, and the 

outcome confirmed the feasibility of cloud 

integration, though further clinical validation was 

required. In the same year, Handayani et al. (2024) 

developed a smart infusion pump designed for 

telemedicine, using a motor-driven syringe 

mechanism combined with IoT connectivity. Their 

system successfully enabled remote control and 

monitoring, with built-in alarms to ensure dosing 

safety, although they noted that regulatory approval 

and long-term stability testing remained challenges. 

Marei and Hattan (2024) worked on an 

IoT-enabled infusion syringe pump as part of a 

university capstone project. Their design 

incorporated Arduino and ESP8266 Wi-Fi modules, 

alongside a ball-screw linear actuator, to achieve 

precision in drug delivery. The pump was coupled 

with a web dashboard for real-time visualisation, 

and their results demonstrated accurate dosing and 

reliable wireless communication, confirming its 

potential for integration into telehealth. Saqlain, 

Uddin, and Hasan (2024) presented a similar IoT-

enabled syringe pump that emphasised real-time 

alerts through sensors integrated into the infusion 

line. Their approach leveraged IoT dashboards to 

ensure infusion accuracy and to notify caregivers of 

anomalies. The outcome showed an improvement in 

patient safety but highlighted the need for robust 

cloud security. 

Earlier, Al-Mousa et al. (2022) introduced 

a prototype infusion pump controlled by an Android 

application via Bluetooth. Their work aimed to 

achieve touchless operation to reduce contamination 

in hospital environments. The method combined a 

stepper motor with mobile-app control, and the 

system performed effectively in laboratory tests, 

although limited range and connectivity posed 

barriers to clinical application. In 2021, Tariq and 

Anjum developed the fabrication of a smart syringe 

infusion device tailored to the needs of the 

healthcare industry. Their design combined 

microcontroller-based flow regulation with safety 

mechanisms to prevent over-infusion. The device 

showed promising outcomes in precision and cost-

effectiveness, but the study pointed out a lack of 

cloud connectivity. 

Other researchers have worked on hybrid 

monitoring strategies. Kaur et al. (2023) integrated 

biosensors into a smart infusion pump to measure 

physiological parameters alongside drug delivery. 

Their IoT-based framework transmitted both 

infusion and patient data in real time to a centralised 

dashboard, enhancing monitoring efficiency. The 

results confirmed that simultaneous biosignal 

monitoring improved treatment safety, although 

system complexity and energy use were highlighted 

as limitations. Similarly, Oyeleke and Adebayo 

(2023) explored GSM-based control of infusion 

devices in low-resource settings, aiming to offer 

affordable long-range monitoring using simple text-

based updates. They found that GSM alerts 

improved supervision where Wi-Fi was unavailable, 

although the design lacked advanced automation. 

Further developments were reported by 

Ahmed et al. (2022), who tested a MEMS-based 

infusion monitoring system integrated with IoT for 
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ultra-precise control. Their device targeted critical-

care scenarios requiring highly accurate flow rates. 

The system achieved excellent dosing precision in 

test environments, but the authors noted high 

fabrication cost as a limiting factor. Lastly, Sharma 

et al. (2021) designed a smart infusion pump 

incorporating machine-learning algorithms for 

anomaly detection. Their IoT-driven prototype used 

flow sensors and microcontrollers, with outcomes 

showing that predictive alerts could identify early 

signs of infusion blockage or leakage. This marked a 

significant advancement in safety monitoring, 

although computational demand and training-dataset 

requirements were flagged as drawbacks.Despite 

notable progress in the creation of intelligent IoT-

based medication infusion pumps, a number of 

shortcomings remain apparent in the body of current 

research. Numerous studies lacked thorough clinical 

validation and instead concentrated on remote 

monitoring and simple automation. For example, the 

cloud-enabled systems developed by Kok et al. 

(2024) and Handayani et al. (2024) demonstrated 

effective remote-monitoring capabilities; however, 

both studies emphasised the lack of thorough 

clinical testing and regulatory approval, which are 

essential prerequisites for real-world healthcare 

deployment. 

Security issues remain a significant 

obstacle. Saqlain et al. (2024) identified risks related 

to cloud-based data transfer, highlighting the need 

for more robust cybersecurity measures to secure 

sensitive patient information, even though IoT 

integration enhanced accessibility and real-time 

monitoring. Similarly, a number of systems relied 

exclusively on Wi-Fi connectivity, which limited 

their use in settings with erratic internet access and 

made them vulnerable to network outages. 

Scalability and communication range 

limited certain systems. Although the Bluetooth-

based infusion pump proposed by Al-Mousa et al. 

(2022) offered touchless operation, its restricted 

connection distance made it less appropriate for 

large healthcare institutions. Similarly, Oyeleke and 

Adebayo's (2023) GSM-based method allowed for 

long-range monitoring but lacked sophisticated 

automation and intelligent decision-making. 

The lack of integrated patient physiological 

monitoring was another prevalent drawback. 

Although Kaur et al. (2023) used biosensors to track 

patient parameters alongside medication infusion, 

the resulting system was more complex and energy-

intensive. Most prior research limited the capacity to 

provide thorough patient-centred monitoring by 

concentrating solely on infusion management 

without accounting for the patient's physiological 

state. 

Practical implementation was also 

hampered by cost and complexity. Ahmed et al. 

(2022) used MEMS technology to achieve highly 

precise medication administration; however, the 

high manufacturing cost limited affordability and 

widespread adoption, particularly in resource-

limited hospital settings. Similarly, Sharma et al. 

(2021) developed machine-learning-based anomaly 

detection, which improved safety but complicated 

deployment by requiring substantial processing 

power and large training datasets. 

Without combining these features into a 

cohesive system, a number of studies focused on 

specific aspects such as remote monitoring, alarm 

generation, or dosage precision. Infusion-blockage 

detection, leakage monitoring, patient vital-sign 

monitoring, cloud security, cost, and intelligent 

decision support were frequently handled 

individually rather than in combination. There is, 

therefore, a continuing need for an IoT-based drug 

infusion pump that is affordable, safe, clinically 

applicable, and fully integratedone capable of 

combining accurate drug delivery, real-time 

physiological monitoring, intelligent safety alerts, 

remote accessibility, and reliable data management 

within a single platform. 

 

II. MATERIALS AND METHODS 
2.1Materials 

The materials used for the design and fabrication of 

the smart IoT-based flowrate monitor are divided 

into hardware and software components. 

a. Hardware Components 

The hardware components used in the fabrication of 

the smart IoT-based flowrate monitor are presented 

in Table 1. 

 

Table 1: Materials for the Smart Flowrate Monitor 

S/N Materials Specification Qty Source Description 

1 Arduino Nano 
ATmega328P, 5V 

logic, 16 MHz 
1 

Electronics store / 

Online 

Serves as the control unit of the 

system, used for embedded system 

prototyping and control 

2 Flowrate sensor 
YF-S201, 1–30 L/min, 

Hall-effect 
1 

Medical/Electronics 

supplier 

Used for monitoring IV drip rates 

or fluid therapy 

3 LCD display 16×2 alphanumeric 1 Electronics store Used for displaying patient data or 
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S/N Materials Specification Qty Source Description 

LCD (HD44780 

compatible) 

sensor readings in real time 

4 Buzzer 5V active buzzer 1 Electronics store 
Used for alarms or status 

notifications 

5 IN4007 Diode 1N4007, 12V, 1A 2 Electronics store 

General-purpose rectifier diode 

used for AC to DC conversion and 

circuit protection 

6 Breadboard 
830 tie-point solderless 

board 
1 Electronics store 

Solderless prototyping board for 

testing circuits before permanent 

assembly 

7 
Male-to-male 

jumper wires 
22 AWG, 10–20 cm 1 pack Electronics store 

Used for connecting modules with 

header pins to breadboards or other 

connectors 

8 
Male-to-female 

jumper wires 
22 AWG, 10–20 cm 1 pack Electronics store 

Used for interfacing modules (e.g., 

sensors, GSM) with 

microcontroller pins 

9 Switch 
SPST toggle switch, 5–

12V 
1 Electronics store 

Used for powering systems on/off 

or changing modes 

10 Resistor 
220Ω, 1kΩ, 10kΩ (¼ 

watt) 
3 Electronics store 

Passive component that limits or 

regulates current flow, used for 

biasing and protection 

11 LED 
5mm, 2V forward 

voltage 
1 Electronics store 

Light-emitting diode used as an 

indicator in biomedical devices 

12 
GSM module 

(SIM800L) 

Quad-band 

GSM/GPRS, 3.7–4.2V 
1 

Electronics/IoT 

supplier 

Used for remote patient monitoring 

systems that transmit data via GSM 

networks 

13 
CR2032 coin 

cell 
3V lithium battery 1 Electronics store 

Used in memory backup, RTC 

modules, or low-power biomedical 

sensors 

14 
SG90 servo 

motor 

5V, 180° rotation, 1.8 

kg·cm torque 
1 Electronics store 

Used for small actuations such as 

valve control in fluid systems 

15 Casing ABS plastic enclosure 1 
Local fabrication / 

supplier 

Enclosure that houses and protects 

components, ensuring safety and 

portability 

16 
LM2596 Buck 

Converter 

Input: 4–40V, Output: 

1.25–37V, 3A 
1 Electronics store 

Voltage step-down regulator for 

stable power supply 

17 
DRV8825 

Motor Driver 

8.2–45V, up to 2.2A, 

microstepping 
1 Electronics store 

Used to control stepper motors with 

precision 

 

b. Software Components 

The software component of the developed 

system was implemented using the Arduino 

Integrated Development Environment (IDE) with 

the C/C++ embedded programming language. The 

Blynk IoT monitoring platform was utilised for real-

time monitoring and remote visualisation of the 

device's operational status. Proteus simulation 

software was employed during the design phase for 

circuit design, testing, and simulation prior to 

hardware implementation. The developed software 

algorithms were designed to manage sensor data 

acquisition, pump actuation, alert generation, and 

wireless data transmission, thereby enabling 

autonomous system operation with minimal manual 

intervention. Error-handling routines were also 

incorporated into the software architecture to ensure 

prompt detection and notification of abnormalities 

such as occlusions, leakages, and sudden flowrate 

deviations. These fault conditions were 

automatically communicated to the caregiver 

through the IoT monitoring platform for timely 

intervention. 

 

2.1 Method 

a. Description of the Developed Smart Drug 

Infusion Monitor 

The IoT-based smart medication infusion 

monitor was designed to provide precise, 

dependable, and remotely accessible control over 
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the delivery of intravenous drugs. To improve 

patient safety, reduce human error, and facilitate 

digital healthcare monitoring, the system combined 

sensor-based flow measurement, microcontroller-

driven regulation, and wireless communication. The 

central processing unit of the system was a 

microcontroller unit (MCU) an Arduino Uno. The 

flow sensor, which continually monitored the 

volume of fluid flowing through the infusion line, 

sent real-time input signals to the microcontroller. 

To calculate both the instantaneous and cumulative 

infusion volumes, the sensor converted the physical 

movement of the medication solution into electrical 

pulse signals, which the microcontroller then 

analyzed. The system incorporated a peristaltic 

pump mechanism that was activated in response to 

feedback from the flow sensor in order to control 

medication delivery. By dynamically adjusting the 

pump speed to maintain the predetermined flow 

rate, the microcontroller ensured accurate 

medication delivery even under conditions of 

fluctuating fluid viscosity or tube resistance. The 

developed system was designed to automatically 

trigger alert notifications upon detecting deviations 

from predetermined operating criteria. For remote 

monitoring and prompt caregiver response, these 

alerts were delivered simultaneously through the 

IoT connectivity module and displayed on an 

embedded LCD screen. 

 

b. Block Diagram of the Developed Smart Drug Infusion Monitor 

The block diagram of the developed smart flowrate monitor is presented in Figure 1. 

 
Figure 1: Block Diagram of the Developed Smart Flowrate Monitor 

 

c. Power Supply 

The power supply unit was developed to provide a stable and regulated 3.3 VDC and 5 VDC output required for 

the operation of the Arduino Uno. The design involves the sequential processes of voltage step-down, 

rectification, filtering, and regulation to ensure compatibility with low-power biomedical electronic components, 

as shown in Figure 2. 
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Figure 2: Proteus Simulation of the Designed 3.3 V and 5 V Power Supply 

 

d. Step-Down Transformation 

A step-down transformer was employed to reduce 

the high AC mains voltage to a safer and usable 

level of 12 V AC (RMS). The RMS voltage is 

related to the peak voltage as shown in Equation 1. 

Vpeak = VRMS × √2                                                              

(1) 

This peak voltage forms the input to the rectification 

stage. 

e. Rectification Stage 

A full-wave bridge rectifier composed of four 

silicon diodes (1N4007) was used to convert the AC 

signal into pulsating DC. During operation, two 

diodes conduct per half-cycle, introducing a voltage 

drop of approximately 0.7 V per diode. The 

effective DC voltage after rectification is given by 

Equation 2. 

VDC = Vpeak − 2VD                                                              

(2) 

VDC = 16.97 − (2 × 0.7) = 15.57 V 

f. Filtering Stage 

To reduce the ripple content of the rectified voltage, 

a smoothing capacitor of 1000 µF was connected 

across the rectifier output. The ripple voltage is 

approximated using Equation 3: 

Vripple = I / (fC)      (3) 

where I is the load current (assumed 0.2 A), f is the 

ripple frequency (100 Hz for full-wave 

rectification), and C is the capacitance (1000 µF = 

1000 × 10⁻⁶ F). 

Vripple = 0.2 / (100 × 1000 × 10⁻⁶) = 2 V 

The filtered DC voltage therefore becomes: 

Vfiltered = 15.57 − 2 = 13.57 V 

This voltage serves as the input to the regulation 

stage. 

g. Voltage Regulation 

A low-dropout linear voltage regulator (LD1117-3.3 

V) was used to produce a constant 3.3 V output. The 

regulator ensures minimal variation in output 

voltage despite fluctuations in input voltage or load 

conditions. The minimum input voltage required for 

proper regulation is: 

Vin(min) = Vout + Vdropout = 3.3 + 1.1 = 4.4 V 

Since the available input voltage (≈13.57 V) 

exceeds this requirement, stable regulation is 

achieved. 

h. Power Dissipation Analysis 

The power dissipated across the regulator was 

evaluated to ensure safe operation: 

P = (Vin − Vout) × I 

P = (13.57 − 3.3) × 0.2 = 2.05 W 

This level of power dissipation indicates that 

adequate heat-sinking is necessary to prevent 

thermal failure of the regulator. 

i. Output Stabilisation 

An additional 100 µF capacitor was connected at the 

output of the regulator to suppress noise and 

enhance voltage stability. This ensures reliable 

performance of sensitive IoT components such as 

sensors and microcontrollers. 

j. Testing of the Circuit 

The circuit was assembled on a perforated 

(veroboard) substrate using point-to-point soldering. 

After construction, the system was tested in stages: 

first, the rectifier output was verified, followed by 

the filtered DC stage, and finally the regulated 

outputs. Testing was carried out using a digital 

multimeter to measure DC output voltages, while 

load tests were performed by connecting resistive 

loads to evaluate voltage stability under varying 

current demand. 

k. Microcontroller 

The microcontroller acts as the core processing unit 

of the infusion-monitoring system, coordinating 

sensing, control, and communication operations. 

The system may utilise either an Arduino Uno or an 

ESP32, depending on design requirements. The 

Arduino Uno is commonly selected for its 

simplicity, user-friendly programming environment, 

and extensive community support, whereas the 
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ESP32 offers enhanced capabilities, including 

integrated Wi-Fi and Bluetooth, for IoT-based 

connectivity. In operation, the microcontroller 

processes signals from the flow sensor to determine 

the real-time infusion rate and regulates the stepper 

motor to ensure accurate fluid delivery. It 

continuously supervises system performance, 

activates alarms when abnormal conditions are 

detected, and enables data transmission to a cloud 

platform for remote access and monitoring. Its 

programmable nature provides flexibility for 

implementing error-detection routines, data-logging 

functions, and intelligent control strategies, making 

it central to the system's reliability and adaptability. 

 
Figure 3: Arduino Uno Microcontroller 

 

l. Stepper Motor 

The stepper motor is the mechanical actuator 

responsible for controlling the infusion rate in the 

developed system. Unlike conventional DC motors, 

a stepper motor moves in discrete steps, providing 

precise control over rotation and, consequently, 

fluid flow. This precision is critical in drug infusion, 

where even small deviations in volume can have 

serious clinical consequences. The stepper motor is 

coupled to the peristaltic pump, and its speed and 

direction are regulated by the microcontroller based 

on real-time feedback from the flow sensor. The 

stepper motor also enables programmable flow 

profiles, allowing the system to deliver variable 

infusion rates when required for specific treatment 

protocols. Stepper drivers are included to supply the 

motor with sufficient current and voltage while 

ensuring smooth and accurate operation. 

 
Figure3 Motor driver (LM298N).  Figure 4: Stepper Motor 

 

To guarantee precise syringe-based 

infusion, the IoT-based smart flowrate monitoring 

system operates on a feedback-controlled automated 

mechanism that continually monitors, controls, and 

transmits medication delivery parameters. A 

rechargeable battery provides a steady 12 VDC 

power supply for the system. Upon power-up, the 

microcontroller initialises the system and performs a 

diagnostic check on the stepper motor, syringe-

holding mechanism, pressure sensor, display unit, 

and IoT connectivity module. Any fault detected 

instantly triggers an alarm to prevent unsafe 

operation. 

Following initialization, the required 

settings such as infusion rate and medication volume 

are entered via the LCD interface or the associated 

mobile application (Blynk). The microcontroller 

interprets these settings and regulates the stepper 

motor, which precisely advances the syringe plunger 

to dispense the drug at the predetermined rate. 

Sensor feedback is used to continually monitor the 

movement of the syringe plunger in order to 

guarantee precise displacement and reliable 

medication administration. To maintain the 

predetermined infusion settings, the control system 
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dynamically adjusts the motor speed, forming a 

closed-loop syringe drive control system. 

When abnormalities occur  such as syringe 

occlusion, excessive pressure, an empty syringe 

barrel, incorrect syringe placement, or motor 

malfunction the system simultaneously sends 

notifications to the caregiver's mobile device via the 

Blynk platform and instantly activates visual and 

auditory alarms. This reduces the possibility of 

underdosing, overdosing, or therapy stoppage and 

enables rapid intervention. Real-time remote 

monitoring of syringe drive parameters including 

infusion rate, infused volume, remaining medication 

volume, pressure status, and overall device 

condition is made possible by the IoT connectivity 

module. Healthcare professionals may thereby 

effectively oversee multiple patients remotely, as the 

cloud-based platform stores transmitted data for 

ongoing monitoring, historical record review, and 

clinical decision-making. 

 

m. Algorithm Flowchart 

The algorithm flowchart of the developed smart flowrate monitor is presented in Figure 6. 

 
Figure 6: Algorithm Flowchart of the Developed Smart Flowrate Monitor 

 

n. Testing and Performance Evaluation of 

the Developed Smart Flowrate Monitor 

The developed flowrate monitoring system was 

evaluated under different operational conditions to 

determine its accuracy, responsiveness, 

communication reliability, stability, and energy 

efficiency. A reference standard flowrate device 

(IDA-5 Infusion Device Analyzer) was used to 

benchmark the performance of the developed smart 

flowrate monitor. A digital stopwatch (CASIO HS-

80TW), a digital multimeter (Fluke 87V True 

RMS), and a USB-based oscilloscope (PicoScope 

2204A) were used to conduct and record the tests. 

 

o. Accuracy Test 

The accuracy test was conducted to evaluate how 

closely the system's measured flow rate 

corresponded with that of the standard reference 

instrument. The syringe was filled with distilled 

water at room temperature to ensure consistency of 

fluid properties across different syringe sizes (10 

mL, 20 mL, 50 mL), and the readings were 

compared against the reference infusion analyzer. 

Simultaneously, the developed system recorded 

flow data via its flow sensor (a YF-S201 or medical-

grade equivalent, depending on the design). 

For each test point, the reference flow rate was 

recorded using the infusion analyser, while the 

prototype output was displayed on the LCD and 

logged via the microcontroller's serial output. Data 

were collected over a 10-minute interval per setting 
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to minimize transient errors, and mean values were 

computed and compared using percentage-error 

analysis. 

 

III. Results And Discussion 
a. Results 

The Proteus simulation design of the developed 

smart flowrate monitor is presented in Figure 7. The 

simulation environment was used to virtually 

implement and test the operational principle of the 

developed system prior to hardware construction. 

The simulation comprised the microcontroller unit, 

flowrate-sensing module, display unit, 

communication interface, and power-supply section, 

interconnected to achieve real-time monitoring and 

transmission of flowrate parameters. The simulation 

verified the proper interaction between system 

components and confirmed the device's capability to 

measure and transmit flowrate data accurately. 

 

 
Figure 7: Proteus Simulation of the Developed Smart Flowrate Monitor 

 

Plate 1 presents the experimental set-up of the 

developed smart flowrate monitoring system. The 

set-up consisted of the flow-sensing unit connected 

to the fluid-delivery line, the control circuit, the 

display interface, and the wireless communication 

module, integrated for real-time data acquisition and 

monitoring. The arrangement was carefully 

configured to evaluate the performance of the 

developed system under varying flowrate conditions 

and enabled continuous monitoring and validation 

of the measured flowrate against a reference 

monitor. 

 

 
Plate 1: Set-up of the Developed Smart Flowrate Monitoring System 
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Plate 2 shows the completed developed smart 

flowrate monitor after fabrication and integration of 

all hardware and software components. The 

developed device was compact and portable, 

consisting of the sensing module, processing unit, 

display screen, and IoT communication interface. 

The system was designed to provide accurate and 

real-time flowrate measurements while ensuring 

ease of operation and remote accessibility. 

 

 
Plate 2: Developed Smart Flowrate Monitor 

 

Figure 8 presents the Blynk application interface used for remote monitoring of the developed smart flowrate 

monitoring system. The interface displayed real-time flowrate values transmitted from the device through the 

wireless communication module. The Blynk platform provided a user-friendly environment for remote 

visualization and monitoring of system performance. 

 

 
Figure 8: Blynk App Interface of the Developed Smart Flowrate Monitoring System 

 

Figure 9 shows the flowrate measurements displayed on the Blynk application platform during system 

operation. The displayed readings confirmed the successful transmission of real-time flowrate data from the 

developed monitoring system to the IoT platform, demonstrating the effectiveness of the wireless 

communication module and validating the remote monitoring capability of the developed device. 
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Figure 9: Measurement of Flowrate Displayed on the Blynk App Platform 

 

Table 2 presents a comparison between the 

reference monitor and the developed smart flowrate 

monitoring system at flowrate settings of 10 mL/h, 

20 mL/h, and 50 mL/h. At the 10 mL/h setting, the 

developed system recorded values of 9.89 mL/h, 

9.92 mL/h, and 9.95 mL/h across the three trials, 

showing close agreement with the reference value of 

10.0 mL/h. Similarly, at 20 mL/h, the developed 

system measured 19.6 mL/h, 19.0 mL/h, and 19.7 

mL/h, indicating slight deviations from the reference 

monitor but maintaining acceptable accuracy. 

At the higher flowrate setting of 50 mL/h, 

the developed system recorded values of 49.2 mL/h, 

49.9 mL/h, and 49.8 mL/h, which were also in close 

agreement with the reference monitor value of 50.0 

mL/h. Overall, the results demonstrated that the 

developed smart flowrate monitor exhibited high 

measurement accuracy and consistency across the 

different flowrate conditions tested. The minor 

variations observed may be attributed to sensor 

sensitivity, calibration tolerance, or fluid-flow 

fluctuations during testing. Nevertheless, the 

developed system showed reliable performance 

suitable for real-time smart flowrate monitoring 

applications. 

 

Table 2: Comparison between the Reference Monitor and the Developed Smart Flowrate Monitoring 

System 

Flow Rate (mL/h) Trial Reference Monitor (mL/h) Developed System (mL/h) 

10 1 10.0 9.89 

 2 10.0 9.92 

 3 10.0 9.95 

20 1 20.0 19.6 

 2 20.0 19.0 

 3 20.0 19.7 

50 1 50.0 49.2 

 2 50.0 49.9 

 3 50.0 49.8 

 

Figure 8 presents a graphical comparison between the reference monitor and the developed smart flowrate 

monitoring system. 
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Figure 10: Comparison between the Reference Monitor and the Developed Smart Flowrate Monitoring System 

 

A paired-samples t-test was conducted to statistically evaluate the agreement between the reference monitor and 

the developed device. As shown in Table 3, the mean paired difference was 0.178 mL/h (SD = 0.128, SE = 

0.043), with a 95% confidence interval of 0.079 to 0.276. The test yielded t(8) = 4.156, p = 0.003, indicating a 

statistically significant, though clinically small, difference between the two systems. 

 

Table 3: Paired-Samples T-Test 

 Paired Differences t df 
Sig. (2-

tailed) 

 Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

95% CI 

Lower 

95% CI 

Upper 
   

Pair 1: 

Reference 

Monitor − 

Developed 

Device 

.17778 .12833 .04278 .07913 .27642 4.156 8 .003 

 

Table 4 presents the estimated budget for the developed smart flowrate monitor. The total cost of materials used 

in the fabrication of the prototype amounted to ₦141,000, reflecting the system's affordability relative to 

commercial infusion-monitoring devices. 

 

Table 4: Estimated Budget of the Developed Smart Flowrate Monitor 

S/N Material Quantity Amount (₦) 

1 Arduino Nano 1 20,000 

2 Flowrate sensor 2 20,000 

3 LCD display 1 6,000 

4 Buzzer 2 2,000 

5 IN4007 (12V, 1A) diode 2 5,000 

6 Breadboard 1 13,500 

7 Male-to-male jumpers 1 pack 1,500 

8 Male-to-female jumpers 1 pack 2,500 

9 Switch 2 1,000 

10 Resistors 6 2,500 

11 LED 1 3,000 
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S/N Material Quantity Amount (₦) 

12 GSM module (SIM800L) 1 15,000 

13 CR2032 (3V) coin cell 1 12,000 

14 SG90 servo motor 1 18,000 

15 Casing 1 1,500 

16 LM2596 DC-DC buck converter 1 4,000 

17 DRV8825 motor driver 1 1,000 

18 Battery charging pack 1 7,500 

 TOTAL  141,000 

 

4.2 Discussion 

The Proteus simulation in Figure 7 shows 

that the main system components were successfully 

integrated prior to hardware implementation. 

Simulation is crucial to the development of 

embedded systems, as it enables the designer to 

evaluate circuit behaviour, identify flaws, and 

enhance component interactions before physical 

construction (Sushil & Prasanna, 2021). The 

successful execution of the simulation indicates that 

the design architecture of the developed system was 

applied appropriately: the microcontroller received 

signals from the flow sensor, analysed the data, and 

transmitted the measured values to the IoT interface 

and display. This initial validation reduced hardware 

design defects and improved the reliability of the 

resulting prototype. 

The practical implementation of the 

designed smart flowrate monitoring system was 

further illustrated by the experimental set-up shown 

in Plate 1. The configuration included a display 

interface for local monitoring, a microcontroller unit 

for signal processing, a wireless connectivity 

module for IoT transmission, and a flow-sensor 

module linked to the fluid-distribution channel. The 

successful operation of this configuration 

demonstrates that the designed technology could 

translate physical flow motion into electrical signals 

that could be measured, consistent with findings 

reported by Ejeian et al. (2019), Han et al. (2023), 

and Singh and Walingo (2024). This process is 

scientifically grounded in sensor transduction and 

fluid dynamics: the flow sensor works by measuring 

fluid movement through a sensing chamber, and the 

flowing fluid produces rotational movement, 

pressure changes, or frequency pulses proportional 

to the flow velocity, depending on the sensor type. 

The microcontroller then processes these signals 

once the sensor converts them into electrical pulses. 

The microcontroller functioned as the core 

processing unit of the constructed system, handling 

data conversion, signal conditioning, and system 

control (SofiyanMardianto et al., 2019). The flow 

sensor's pulse signals were read by the 

microcontroller and translated into flowrate 

measurements in millilitres per hour (mL/h) through 

programmed calibration equations incorporated into 

the control algorithm. After processing, the values 

were transmitted to the Blynk IoT platform for 

remote monitoring via the wireless connectivity 

module. This operation is grounded in embedded 

systems engineering and digital signal processing, in 

which the signal frequencies produced by pulse-

based flow sensors are typically proportional to the 

fluid flow velocity (Arora & Hasan, 2021). 

Plate 2 displays the finished smart flowrate 

monitor, demonstrating effective hardware 

manufacturing and integration. The completed 

device combined software and hardware 

components into a compact system capable of 

continuous flow monitoring. This successful 

fabrication attests to the viability of combining IoT 

technology with inexpensive embedded circuits for 

biomedical monitoring applications. One of the 

major achievements of the developed system is the 

integration of IoT capability through the Blynk 

platform, as shown in Figures 8 and 9. The Blynk 

application provided a graphical user interface for 

remote, real-time flowrate monitoring  functionality 

that is especially critical in healthcare applications 

requiring continuous monitoring of fluid 

administration. The ability to remotely monitor 

flowrate measurements improves convenience, 

enhances patient safety, and reduces the workload 

associated with manual monitoring (Kushwaha & 

Pandey, 2025; Mbanuzue et al., 2024; Sivalingam et 

al., 2024). 

The successful deployment of remote 

monitoring in this study is consistent with previous 

research on IoT-enabled medical monitoring 

systems (Mbanuzue et al., 2024). Researchers 

working on smart infusion pumps and remote 

physiological monitoring systems have similarly 

found that IoT integration greatly enhances patient-

data accessibility and permits real-time supervision 

from remote locations. Comparable studies 

employing ESP32- and Arduino-based platforms 

have shown that cloud-based monitoring solutions 

improve healthcare efficiency by enabling medical 

staff to oversee multiple devices simultaneously 
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(Abdulmalek et al., 2022). The use of the Blynk 

application in this study further underscores the 

growing importance of wireless communication in 

biomedical instrumentation, whereby Wi-Fi 

connectivity enables sensor data to be transmitted 

from local devices to cloud platforms. 

The scientific basis for this process lies in 

digital communication protocols, which encode 

sensor data packets, transmit them across wireless 

networks, and decode them at the receiving 

interface. The successful transmission of flowrate 

measurements attests to the reliability of the 

developed device's communication system. The 

real-time display of flowrate data on the Blynk 

platform further demonstrated the responsiveness of 

the monitoring system — an important attribute, 

given that delayed readings could jeopardise the 

efficiency of fluid administration and process 

management. The rapid updating of measured 

values observed in the developed system indicates 

reduced communication latency and effective data 

processing. 

The measuring capability and accuracy of 

the designed system were confirmed by the 

performance-assessment results obtained at 

flowrates of 10 mL/h, 20 mL/h, and 50 mL/h. At the 

10 mL/h setting, the developed system recorded 

values of 9.89 mL/h, 9.92 mL/h, and 9.95 mL/h, 

compared with the reference value of 10.0 mL/h. 

This close agreement demonstrates a high degree of 

precision and consistency under low-flow 

conditions. Several scientific and engineering 

factors account for the minor differences between 

the developed system and the reference monitor. 

Sensor calibration tolerance is one important factor: 

flow sensors have intrinsic calibration limitations 

arising from manufacturing variance and sensitivity 

characteristics, and small discrepancies may persist 

even after calibration due to nonlinear sensor 

response, pulse-resolution limitations, or minor flow 

instabilities (Heller & Feldman, 2008; Kazemi et al., 

2023). 

Fluid turbulence in the flow channel is 

another factor that may cause measurement 

discrepancies. Microturbulence may be present in 

fluid flow within small-tube systems, particularly 

near sensor chambers or connections (He et al., 

2023), and turbulent flow can alter the fluid's 

velocity profile and consequently affect sensor 

response. Because the sensor generates a relatively 

low pulse frequency at lower flowrates, small 

disturbances become more pronounced, so even 

minor disruptions can have a noticeable impact on 

the observed results (Ramada et al., 2023). These 

outcomes at 10 mL/h are consistent with earlier 

research on intelligent infusion-monitoring devices, 

which similarly noted small differences between 

developed systems and conventional infusion 

analysers, particularly at very low flowrates; such 

variances are generally regarded as acceptable, 

provided the percentage error remains within 

clinically acceptable bounds. 

At the 20 mL/h setting, the results 19.6 

mL/h, 19.0 mL/h, and 19.7 mL/h compared with a 

reference value of 20.0 mL/h, show that the 

designed system maintained relatively stable 

performance under moderate flow conditions, with 

measured readings remaining close to the reference 

monitor despite minor variances. The somewhat 

greater variance observed in the second trial at 20 

mL/h may be attributable to transient flow 

instability or brief sensor fluctuations during 

measurement. Changes in fluid pressure, air bubbles 

in the tubing, or brief communication delays can all 

introduce transient variances in fluid-monitoring 

systems. Air bubbles are particularly significant in 

this regard, as they can alter the effective flow 

profile through the sensor chamber; when air 

bubbles pass through pulse-based flow sensors, the 

detected signal frequency may momentarily 

decrease, leading to slight underestimation of the 

flowrate. 

Another possible explanation for the 

observed deviations is the effect of electrical noise 

on sensor signals. Embedded systems operating with 

wireless communication modules may experience 

electromagnetic interference from surrounding 

electronic components (Olanubi et al., 2024; 

Srinivasan et al., 2020). Such interference can affect 

signal conditioning and introduce minor fluctuations 

in pulse counting. The inclusion of filtering 

algorithms and proper grounding techniques can 

reduce these effects and improve measurement 

stability (Mejía-Mejía et al., 2022; Nitzan & 

Ovadia-Blechman, 2022). 

The performance of the developed system 

was discussed in terms of accuracy, precision, 

repeatability, and reliability. Accuracy refers to the 

proximity of the measured values to the reference 

values (Kinza Imran et al., 2025); because the 

recorded values remained extremely close to the 

reference monitor across all tested flowrates, the 

developed system demonstrated good accuracy. 

Precision refers to the uniformity of repeated 

measurements taken under comparable conditions 

(Silva et al., 2023); the limited variation observed 

across repeated experiments at each flowrate 

indicates that the developed system achieved 

acceptable precision. Repeatability is crucial in 
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biomedical equipment, as irregular readings could 

compromise clinical dependability. 

Reliability refers to a system's capacity to 

sustain steady performance over time and under 

varying operating conditions (Silva et al., 2023). 

The device's successful operation throughout testing 

indicates that the developed smart flowrate 

monitoring system possesses excellent 

dependability, further enhanced by the inclusion of 

IoT monitoring, which enables rapid identification 

of abnormal flow conditions through remote 

supervision. The scientific significance of precise 

flowrate monitoring in biomedical applications 

cannot be overstated: inaccurate flowrate delivery in 

medical fluid-delivery devices, such as infusion 

pumps, can lead to either excessive or insufficient 

infusion of drugs and fluids (Brown et al., 2018; 

Silva et al., 2023). While over-infusion may result in 

fluid overload or toxicity, under-infusion may 

reduce treatment efficacy. Consequently, the 

development of dependable smart flowrate 

monitoring systems significantly enhances patient 

safety and the standard of healthcare. 

The developed smart flowrate monitor also 

addresses a number of issues associated with 

traditional monitoring techniques, which typically 

require healthcare workers to manually supervise 

flow, are labour-intensive, and are prone to human 

error and delayed detection of flow problems, 

particularly in busy clinical settings. Compared with 

traditional approaches, the integration of IoT 

technology in the proposed system offers several 

benefits: enhanced real-time data accessibility 

through remote monitoring; reduced need for human 

inspection through automatic monitoring; support 

for data logging and future integration with hospital 

information systems through wireless connectivity; 

and potential support for predictive analysis and 

alert generation to further improve patient safety. 

The results of this study are in good 

agreement with those of several other studies on 

smart infusion and flowrate monitoring devices. 

Handayani et al. (2024) reported that Arduino-based 

infusion monitoring systems achieved measurement 

accuracy ranging from 90% to 98%, depending on 

the sensor type and calibration technique used a 

range comparable to, or exceeded by, the close 

agreement observed between the developed system 

and the reference monitor in this study. Some earlier 

studies used load cells, photodiodes, or optical drop-

counting devices for flowrate estimation; although 

optical devices are useful for measuring drip rates, 

they can be impaired by tube-alignment issues, 

droplet-shape variation, and ambient light 

interference (Silva et al., 2023). By contrast, direct 

flow-sensing techniques, such as those used in this 

work, allow for more continuous and quantitative 

measurement of fluid flow. Other studies have 

employed weight-based monitoring systems that 

estimate flowrate from the decrease in infusion-bag 

weight; although these techniques can achieve high 

accuracy, they typically require additional 

mechanical support structures and calibration 

procedures. 

The use of wireless IoT technology in this 

study is also consistent with the global trend 

towards telemedicine and smart healthcare systems 

(Larsen et al., 2005; Mu et al., 2025). Interconnected 

devices capable of transmitting operational and 

physiological data over wireless networks are 

becoming increasingly important in modern 

healthcare, facilitating data-driven clinical decision-

making, faster response times, and improved 

healthcare accessibility. The scientific 

underpinnings of IoT-based monitoring systems lie 

in sensor technology, digital electronics, wireless 

communication, and cloud computing: sensors 

collect physical parameters, such as flowrate, and 

convert them into electrical impulses (Bacon & 

Hoffman, 2020), which microcontrollers then 

process using embedded algorithms. 

Flow sensors are typically calibrated by 

subjecting them to known flow conditions and 

computing calibration equations or correction 

factors. In this study, the constructed system was 

evaluated and adjusted through comparison with a 

reference monitor, and the close agreement between 

the two demonstrates the effectiveness of the 

calibration procedure. Nevertheless, despite the 

positive performance observed, the constructed 

system retains certain limitations. Sensor drift over 

extended operation is one such limitation gradual 

changes in sensor response characteristics caused by 

age, temperature effects, or mechanical wear which 

may necessitate periodic recalibration to maintain 

long-term accuracy.Dependence on reliable wireless 

connectivity is another limitation, since IoT-based 

monitoring systems require internet access for 

remote accessibility, and data transmission may be 

momentarily affected by network outages or 

inadequate Wi-Fi coverage. However, even in the 

event of a communication disruption, local 

monitoring via the device display can continue 

uninterrupted. Power-supply stability also affects 

the performance of embedded monitoring systems, 

as voltage variation can influence microcontroller 

performance and sensor output; effective voltage 

control and power management are therefore 

essential for maintaining steady system 

performance. 
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Overall, the findings of this study hold both 

scientific and practical value. The work provides 

scientific validation of the efficacy of integrating 

IoT connectivity, embedded systems, and sensor 

technology for precise flowrate monitoring. In 

practical terms, the proposed device offers a 

dependable and reasonably priced solution for real-

time monitoring applications. The agreement 

between the developed system and the reference 

monitor confirms the device's potential application 

in biomedical contexts requiring precise flow 

supervision, while the incorporation of remote-

monitoring capabilities enhances operational 

effectiveness and supports the growing adoption of 

intelligent healthcare solutions. 

The continuity equation and volumetric flow 

relationships constitute the fundamental fluid-

dynamics principles governing flowrate 

measurement. Volumetric flowrate refers to the 

amount of fluid moving across a cross-sectional area 

per unit time, and flow sensors exploit this principle 

by identifying fluid motion or velocity and 

translating it into quantifiable electrical impulses. 

Internal mechanical or magnetic components in 

pulse-based flow sensors rotate in response to fluid 

velocity, and this rotational frequency is related to 

the fluid's velocity; Hall-effect sensors or magnetic 

sensing systems then produce electrical pulses 

corresponding to the rotational speed, which the 

microcontroller counts and translates into 

volumetric flowrate using calibration constants. 

The accuracy observed in this investigation 

indicates that the sensor maintained a stable linear 

relationship between flowrate and pulse frequency 

an important performance attribute, since nonlinear 

sensor behaviour can result in significant 

measurement errors. The relatively consistent 

findings across the evaluated flow conditions 

suggest that the sensor exhibited satisfactory 

linearity throughout the operational range. The 

observed deviations from the reference monitor may 

also be discussed in terms of measurement 

uncertainty, since all measuring systems are 

inherently subject to some degree of uncertainty 

arising from sensor limitations, ambient conditions, 

signal-processing constraints, and calibration 

imperfections; acceptable uncertainty limits in 

engineering practice vary depending on the intended 

application. Temperature may also affect flow-

sensor performance, as temperature variation can 

alter sensor response characteristics and fluid 

viscosity fluid viscosity generally decreases with 

increasing temperature, which affects flow 

dynamics and the temperature-dependent behavior 

of electronic components may further influence 

signal stability. 

Although temperature effects were not 

specifically examined in this study, the relatively 

constant readings obtained indicate that operating 

parameters remained appropriately regulated during 

testing. Future research may examine the effect of 

temperature variation on system performance in 

order to further improve accuracy and reliability. 

The monitoring system's response time the time 

required to detect and display changes in flow 

conditions is another important scientific 

consideration, as rapid response is essential for 

smart monitoring systems, given that delayed 

detection of flow anomalies could jeopardize 

operational performance. 

The real-time visualization provided by the 

Blynk platform indicates that the developed system's 

response performance was adequate, with near-

instantaneous updates to flowrate values achieved 

through wireless connectivity, rapid sensor 

detection, and efficient microcontroller processing. 

The communication architecture of the designed 

system has a significant bearing on overall 

performance, encompassing three primary phases: 

data capture, in which physical parameters are 

converted into electrical signals at the sensor level; 

data transmission, achieved through Wi-Fi and other 

wireless technologies; and data presentation, in 

which users access the transmitted data through 

mobile or cloud-based interfaces for visualisation. 

 

IV. Conclusion 
This study successfully developed an 

affordable and dependable smart flowrate 

monitoring device capable of precisely measuring 

and tracking fluid flow in real time. The 

microcontroller-based system delivered reliable 

flowrate monitoring performance and efficiently 

processed sensor data. The integration of IoT 

technology through the Blynk platform enabled 

wireless transmission and remote monitoring of 

flowrate data, demonstrating the system's viability 

for smart healthcare applications. The performance 

evaluation revealed close agreement between the 

developed system and the reference monitor, 

demonstrating good accuracy, responsiveness, and 

dependability under simulated clinical conditions. 

Overall, the developed smart flowrate monitor 

performed well for real-time monitoring 

applications and illustrates how IoT-enabled 

biomedical devices can enhance patient supervision 

and healthcare monitoring.Future studies should 

focus on improving the accuracy and sensitivity of 

the developed smart flowrate monitoring system 
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through the use of advanced flow sensors and 

improved calibration techniques. Further research 

could also incorporate automatic flow-control and 

alarm systems capable of detecting leakage, 

occlusion, or abnormal flow conditions in real time. 

In addition, future work should consider integrating 

cloud database storage and artificial intelligence 

algorithms for predictive monitoring and data 

analysis. The inclusion of battery backup systems 

and enhanced cybersecurity features for IoT 

communication would further improve system 

reliability and safety.Finally, clinical validation 

involving real hospital environments and different 

fluid-delivery systems is recommended in order to 

evaluate the long-term performance, durability, and 

practical applicability of the developed system in 

healthcare settings. 
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