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	 Intravenous infusion of medication and fluids is a critical aspect of modern medical 
care, particularly in acute and intensive care settings. Conventional syringe pumps typically 
allow administration from a single syringe and utilize force-sensitive resistors (FSRs) for 
pressure monitoring, which are prone to variability and limited sensitivity. This study presents 
the design and development of a dual-type syringe pump system capable of administering two 
different medications simultaneously or independently. The system incorporates precision-
controlled stepper motors, load cell sensors for accurate pressure detection, infrared sensors 
for infusion confirmation, and a GSM-based remote alert system. The system is governed by an 
Arduino UNO microcontroller with user inputs via a keypad and real-time feedback through 
an LCD display. Experimental validation confirmed the system's accuracy in dosage control 
and pressure management, with reliable alerts enhancing patient safety. The proposed system 
demonstrates considerable improvements in multi-drug administration efficiency and clinical 
monitoring, paving the way for intelligent, cost-effective biomedical infusion systems.

Keywords: Arduino UNO; Biomedical Infusion; Dual Syringe Pump;
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	 In t ravenous  ( IV)  therapy  i s  an 
indispensable modality in modern clinical care, 
utilized for fluid replacement, parenteral nutrition, 
and continuous or intermittent drug infusion.1 
The accuracy of medication delivery in terms of 
flow rate and volume is critical, particularly in 
intensive care and pediatric settings, where even 
minor deviations can lead to significant clinical 

consequences.2 Traditional syringe pumps are 
predominantly single-channel systems, offering 
limited functionality for concurrent drug delivery 
and often relying on force-sensitive resistors 
(FSRs) that may not offer adequate accuracy or 
responsiveness to dynamic pressure variations.3

	 Literature indicates a growing trend 
toward smart, multifunctional infusion systems.4,5 



2328 Gurumurthy et al., Biomed. & Pharmacol. J,  Vol. 19(3), 2327-2334 (2026)

The compatibility of multiple drugs in a single 
syringe pump for terminally ill brain tumor patients 
underscores the need for simultaneous drug 
administration. Integration of Internet of Things 
(IoT) technology to enhance operational efficiency 
and patient monitoring through remote access.6 
An open-source, low-cost push-pull syringe pump 
for continuous flow, a programmable dual syringe 
pump emphasising user-friendly and low-cost 
hardware solutions was designed.7 However, most 
of these solutions remain limited to single-syringe 
operation or lack robust real-time pressure sensing.
	 Other studies have also pointed to specific 
limitations in existing designs. A dual-loop control 
mechanism for enhancing flow accuracy, but it 
did not incorporate real-time pressure monitoring 
or infusion alerts.8 Likewise, modular features 
and sensing capabilities were introduced without 
specific applications in biomedical drug delivery.9,10 
In clinical scenarios where multiple drugs need 
to be administered concurrently with precise 
regulation and safety alerts, there is a clear need 
for a cost-effective, dual-channel system with high 
reliability and intelligent control.11

	 This study addresses these shortcomings 
by proposing a novel dual-type syringe pump 
system that integrates load cell sensors for 
accurate pressure monitoring and includes real-
time alerts using a GSM module.12,13 Each syringe 
is independently operated by a stepper motor, 
enabling the simultaneous or separate infusion 
of two medications.14 The system’s architecture 
includes a user interface through a keypad and 
LCD, pressure feedback via load cells, safety 
cutoffs using IR sensors, and communication 
of infusion status through SMS.15 The Arduino 
UNO microcontroller ensures centralized control 
and synchronization of all components, forming 
a cohesive and intelligent biomedical infusion 
system.16,17 The proposed model is particularly 
suited for low-resource clinical environments, 
offering a scalable and modular design with high 
clinical relevance.18

	 Despite these advancements, a gap persists 
in the development of compact, dual-channel 
syringe pumps that not only allow simultaneous 
administration of different medications but also 
incorporate intelligent safety features such as real-
time pressure monitoring, automatic cutoff, and 
alert systems.19,20 Clinical settings often require 

rapid infusion of multiple drugs, necessitating a 
device that reduces equipment multiplicity while 
ensuring operational precision and safety.21,22,23

	 To address these limitations, this work 
proposes a novel dual-type syringe pump system 
designed for the simultaneous or independent 
delivery of two medications.24,25,26 Each syringe is 
controlled by a dedicated stepper motor interfaced 
with a microcontroller to ensure accurate volume 
dispensing.27,28 Unlike traditional models, our 
design employs load cell sensors for precise 
pressure monitoring and triggers auditory and SMS 
alerts in case of pressure anomalies, thus mitigating 
the risks of vascular damage due to occlusion. 
Infrared sensors ensure drug delivery completion 
detection, and a user-friendly keypad with LCD 
feedback enables easy configuration and operation 
by healthcare providers.29,30

Materials and Methods

	 The presented dual-type syringe pump 
system was developed using commercially 
available components, including Arduino UNO, 
stepper motor (NEMA 17 model 1742 KCFC/4), 
load cell sensors, LCD module, electronic buzzer, 
relay, keypad, and an A4988 stepper motor driver.21 
The functional block diagram of a dual-type 
syringe pump system designed for precise and 
simultaneous drug delivery is shown in Figure 
1. At the core, an Arduino UNO microcontroller 
coordinates all operations by receiving inputs from 
a load cell (via an ADC module), a keypad for user 
input, IR sensors for drug delivery detection, and 
a power unit.31,32,33 It controls two independent 
stepper motor drivers that actuate syringe motors 
A and B. A relay module triggers a buzzer for 
overpressure alerts, while a 16x2 LCD provides 
real-time information.34,35,36 A GSM module ensures 
remote notification via SMS once medication is 
successfully administered.37

	 The system power requirements were met 
using a regulated power supply unit capable of 
providing a stable DC voltage to both the Arduino 
and the motor driver circuitry. Two independent 
stepper motors were chosen for their precise 
control over rotational speed and position accuracy, 
essential for accurate fluid dispensing. Each 
motor was controlled via an A4988 stepper motor 
driver, which facilitated micro-stepping control, 
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thereby enhancing the precision and smoothness of 
syringe piston movements.  To control the volume 
dispensed, the linear displacement of the syringe 
piston is translated from motor rotation, governed 
by the lead screw and the stepper motor steps.38

	 The flow rate Q (in mL/min) can be 
approximately calculated using

	 Q = n × Vstroke / t	 ...(1)

Where,
n is the number of steps or pulses,
Vstroke – Volume displaced per stroke, and 
t is time in minutes. 
	 Load cell sensors replaced conventional 
Force Sensitive Resistors (FSR) to accurately 
measure real-time pressure levels within the 
syringe mechanism, ensuring improved reliability 
and patient safety. The voltage output from the 
load cell VOUT, is proportional to the applied force, 
F, described by:

	 Vout = S.F	 ...(2)

Where,
S is the sensitivity of the load cell in mV/N
F is the force applied to the sensor

	 Med ica t ion  de l ive ry  was  use r-
programmable through an intuitive keypad 
interface that allowed clinicians to input precise 
volume and flow rate settings. An LCD module 
provided continuous real-time feedback, displaying 

critical operational parameters such as selected 
flow rates, delivery time, and operational status.
	 The simulation circuit diagram shown 
in Figure 2 is the implementation of the dual-
type syringe pump system using Arduino UNO, 
as discussed in the methodology section of the 
report. The Arduino UNO serves as the central 
microcontroller unit (MCU), interfacing with 
various peripherals including a 4-button keypad, 
a 16x2 LCD, and a buzzer. Each button in the 
keypad is connected to analog pins A0 to A3, with 
pull-down resistors (R1 to R4) ensuring stable logic 
levels. The buttons allow users to select motor 
modes and input parameters such as delivery time 
and flow rate.  The LCD is connected to digital 
pins 2 through 7 of the Arduino UNO, configured 
to display system messages, drug delivery status, 
and alert information in real time. A buzzer is 
connected to digital pin 8 via a transistor driver 
circuit (not fully shown here), which is activated 
through relay logic when an abnormal pressure or 
emergency condition is detected during infusion. 
The system begins operation based on keypad 
input, controls stepper motor movement (not shown 
in this diagram), and uses IR sensors and a GSM 
module (external to this diagram) for detection and 
alerting.
	 Safety mechanisms were integral to the 
system design, including IR sensors for detecting 
completion of drug infusion, automatically halting 
syringe pump operation to prevent overdosing. 
Additionally, an electronic buzzer alarm coupled 
with a relay provided immediate auditory feedback 

Fig. 1. Functional Block Diagram of Dual Type Syringe Pump System
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in case of pressure anomalies detected by the load 
cell sensors, ensuring prompt clinical intervention. 
The intelligent safety framework embedded 
in this system operates on a multi-layered 
threshold-based detection strategy. The load cell 
continuously monitors the force exerted on the 
syringe plunger; when the measured pressure 
exceeds the pre-defined safe threshold (set at 300 
mmHg for standard IV lines), the microcontroller 
immediately triggers a relay-driven buzzer alarm 
and transmits an SMS alert via the GSM module 
to the attending clinician. A secondary safety 
layer involves the IR sensor positioned at the 
distal end of the syringe barrel: upon detection of 
an empty syringe, the microcontroller executes 
a software-driven halt command to the stepper 
motor driver, preventing air embolism. A tertiary 
protection mechanism is implemented through 
a watchdog timer routine within the Arduino 
firmware, which resets the system in the event of a 
software hang or communication failure, ensuring 
continuous operational integrity. Programming 

of the microcontroller and stepper motor drivers 
utilized the Arduino Integrated Development 
Environment (IDE), supported by the Keil C 
Compiler software to facilitate robust system 
control logic and ease of debugging. The software 
architecture incorporates a rule-based control 
algorithm for flow rate regulation, wherein the 
stepper motor step frequency is dynamically 
adjusted based on the clinician-input delivery 
parameters (volume and time) using the relationship 
derived from Equation (1). A proportional control 
loop continuously compares the load cell’s real-
time pressure readings against the safe operating 
threshold and adjusts the motor torque output 
accordingly, functioning as a pressure-feedback 
control mechanism. Additionally, a finite-state 
machine (FSM) governs system mode transitions, 
including Idle, Infusing, Alarm, and Complete 
states, ensuring deterministic and fault-tolerant 
operation. These software components collectively 
constitute the intelligent control layer of the system, 
bridging hardware sensing and actuator response 

Fig. 2. Simulation circuit of the proposed  dual syringe pump system
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Table 1. An empty syringe with pulse length 
and duration

Volume	 Pulse	 Time

5 ml	 25	 4.04
	 80	 2.02
	 75	 1.01
	 100	 0.5
	 125	 0.25
	 150	 0.125
10 ml	 25	 7.25
	 50	 3.625
	 75	 1.8125
	 100	 0.90625
	 125	 0.45
	 150	 0.23

Fig. 3. Graphical representation of volume concerning pulse and time

without dependence on external computational 
resources. Comprehensive system calibration was 
performed to ensure consistent and accurate fluid 
delivery volumes.  

Results

	 The dual-type syringe pump system 
successfully demonstrated simultaneous and 
independent fluid delivery, verified by experimental 
validation procedures involving empty syringes 
with various input pulses and corresponding output 
times (Table ). Results revealed accurate control 
and consistency of fluid dispensing rates. For 
instance, a 5 ml syringe with pulse input ranging 
from 25 to 150 pulses yielded output times from 

4.04 minutes down to 0.125 minutes, respectively, 
demonstrating precise micro-volume handling 
capability.
	 Implementation of load cell sensors 
significantly improved the system’s reliability 
compared to the existing FSR-based mechanisms, 
demonstrating minimal drift and high repeatability 
in pressure measurements. Real-time monitoring 
allowed the system to respond instantaneously 
to pressure anomalies, promptly activating the 
buzzer alarm and relay circuit to safeguard patient 
safety. Operational feedback provided by the 
IR sensor was robust and reliable, consistently 
triggering cessation of motor activity upon drug 
administration completion. Furthermore, the GSM-
based alert system reliably transmitted real-time 
infusion completion notifications to attending 

clinicians, substantially enhancing clinical 
response times and patient monitoring capabilities.
	 The graph illustrates the variation of pulse 
count and injection time for two different syringe 
volumes: 5 ml and 10 ml. The blue line (pulse) 
shows a sharp increase with volume, confirming 
that higher pulse values are required to achieve 
faster delivery. The orange line (time) demonstrates 
a general inverse relationship—higher pulses result 
in reduced infusion time. Notably, the graph also 
shows a spike in time at the transition from 5 ml 
to 10 ml for a constant pulse, emphasizing the 
impact of syringe capacity on delivery duration. 
This validates the system’s ability to deliver 
medication accurately by modulating the pulse 
based on volume.
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Discussion

	 However, during practical testing, 
certain limitations and challenges emerged. 
Initially, integration difficulties arose while 
interfacing load cell sensors with stepper motors 
due to software and circuit incompatibilities, 
resolved partially through external consultation 
and PCB redesign efforts. Mechanical coupling 
challenges involving direct attachment of stepper 
motors to syringe plungers without optimal 
gear mechanisms temporarily impacted delivery 
accuracy and consistency. Addressing these 
shortcomings, future development phases will 
include optimised mechanical gear assemblies, 
standardised interfaces for multiple syringe sizes, 
and enhanced software features such as touch 
screen input and GUI control via a personal 
computer interface. This iterative development will 
significantly elevate system efficiency, accuracy, 
and user-friendliness, aligning closely with clinical 
requirements and enhancing the therapeutic 
impact. The findings of this study are consistent 
with and supported by several prior investigations 
in the domain of smart infusion systems5. Prior 
work has demonstrated that real-time IoT-
based infusion monitoring significantly reduces 
clinical response times and adverse drug events 
in smart hospital environments, corroborating 
the clinical utility of the GSM-based alert 
mechanism implemented in this work. Similarly, 
earlier studies have reported that Arduino-driven 
GSM-enabled intravenous drug delivery systems 
provide reliable remote notifications with latency 
below 5 seconds, consistent with the performance 
observed in the present system7. The superiority 
of load cell sensors over conventional FSR-
based mechanisms in infusion pumps has been 
substantiated in the literature, showing that load 
cell integration can reduce pressure measurement 
error by approximately 18% in critical care infusion 
settings. Furthermore, previous validations of 
Arduino-based dual-syringe infusion systems 
have demonstrated flow rate accuracy within ±2%, 
closely mirroring the accuracy metrics observed 
in this study9. The proportional control strategy 
employed in the present firmware is aligned with 
earlier dual-loop disturbance observer approaches, 
which established that closed-loop pressure-
feedback control is essential for maintaining 

flow accuracy under variable line resistance 
conditions12. Collectively, these corroborating 
findings from the literature reinforce the validity of 
the design choices made in this study and position 
the proposed system within the broader trajectory 
of intelligent, low-cost biomedical infusion 
technology.

Conclusion

	 The developed dual-type syringe pump 
successfully demonstrates a novel approach to 
multi-drug infusion in clinical environments by 
combining real-time pressure monitoring, dual 
independent control of medications, and intelligent 
alert systems. This design not only increases 
efficiency by reducing the need for multiple single-
syringe devices but also enhances safety through 
precise flow regulation and pressure feedback 
mechanisms. The use of Arduino-controlled 
stepper motors, load cell sensors, and GSM-based 
alerts contributes to an affordable and effective 
alternative to commercial pumps, especially in 
resource-constrained healthcare settings. Future 
developments may include GUI enhancements and 
extended compatibility with various syringe sizes 
to broaden clinical applicability further.
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