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Abstract

As the world population is increasing, the need of health prevention is also increasing day by day.
Hence, it is mandatory for everyone in this world to take care of their health properly. In these recent
years, there has been rapid progress in medical care due to the technological advancements in the
various fields of sensors, microcontrollers, and computers for ensuring fast recovery of patients in the
hospitals. The bottle of saline is fed to the patients to treat dehydration and thus improve their health.
In the hospitals, whenever a saline is fed to the patients, the patient needs to be continuously
administered by a nurse or a caretaker. But unfortunately, there are some critical situations. Hence to
prevent the patients from getting harmed and to protect their lives during saline feeding hours, the
saline level monitoring and automatic alert system has been developed. This system also avoids the
fatal risk of air bubbles entering the patient’s bloodstream, which is a serious threat as air bubbles in
blood can cause immediate death. Such a device will ensure safety to patients.

Keywords: Sensors, microcontrollers, hospitals, saline, dehydration, caretaker, saline level monitoring,
automatic alert system, internet of things (loT) platform

INTRODUCTION

In modern healthcare facilities, the accurate monitoring of saline solution levels is crucial for patient
care and operational efficiency. Traditional manual methods of checking saline levels are time-
consuming and prone to errors. To address this challenge, an automated saline level monitoring system
leveraging the internet of things (loT) technology is proposed. This system integrates Arduino
microcontroller, load cell sensor, NodeMCU for 10T connectivity, and an LCD display for real-time
visualization. The proposed system employs a load cell sensor, which measures the weight of the saline
container. As the saline level decreases due to usage, the weight of the container changes accordingly.
The load cell converts this weight into electrical signals, which are then processed by an Arduino
microcontroller. The Arduino microcontroller interfaces with the load cell sensor to capture the weight
measurements. It utilizes a NodeMCU board, which is equipped with Wi-Fi capabilities, to establish
connectivity with the internet. Through the
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NodeMCU, the system can transmit the collected
data to a cloud server or a centralized monitoring
system in real time. Additionally, the system
features an LCD display to provide a local interface
for users to view the current saline level. The LCD
display presents this information in a user-friendly
format, allowing healthcare staff to monitor the
saline levels conveniently at the point of use.
Furthermore, we added the sensors like pulse
sensor, temperature sensor, and buzzer sensor. We
are using the support vector machine (SVM)
machine learning model to predict the abnormal
behavior of the patient by considering the heart rate
and temperature sensor values and the buzzer sensor
is used to alert the caretaker manually.
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MATERIALS AND METHODS

We embarked on a mission to revolutionize patient care by harnessing the power of modern
technology to develop a cutting-edge saline level monitoring and automatic alert system. At its core,
the endeavor relied on a meticulous selection of materials and the implementation of sophisticated
methodologies to ensure robustness, reliability, and, above all, patient safety.

Central to the project's success were the materials chosen to construct the system. Advanced sensors,
meticulously calibrated for accuracy, formed the backbone of the monitoring mechanism. These
sensors, likely flow sensors, were carefully integrated with state-of-the-art microcontrollers, such as the
Arduino UNO, to enable real-time monitoring of saline levels.

The utilization of an loT platform further elevated the system's capabilities. This platform served as
the central nervous system, aggregating data from sensors and microcontrollers and providing a user-
friendly interface for healthcare professionals to monitor and manage saline infusion levels remotely.
Such remote monitoring not only enhanced efficiency but also facilitated timely interventions in the
event of any anomalies, thereby mitigating potential risks to patient safety.

Beyond simply monitoring saline levels, the project also incorporated an automatic alert system
designed to detect and respond to critical situations in real-time. This feature was of paramount
importance, as it provided caregivers with immediate notification of any irregularities, such as air bubbles
entering the bloodstream—a potentially life-threatening complication. By swiftly alerting caregivers to
such events, the system bolstered patient safety and minimized the risk of adverse outcomes.

Continuous monitoring and maintenance were key pillars of the project's methodology. Rigorous
quality assurance protocols were put in place to uphold system reliability and accuracy over time.
Additionally, periodic updates and enhancements ensured that the system remained at the forefront of
patient care, capable of adapting to evolving healthcare needs and technological advancements.

In summary, the project exemplified a harmonious fusion of innovative materials and meticulous
methodologies, driven by a steadfast commitment to advancing patient safety and enhancing healthcare
delivery. By leveraging the power of modern technology, the system provided caregivers with the tools
they needed to monitor, manage, and respond to patients' saline infusion levels proactively, thereby
fostering a culture of proactive healthcare and ensuring the well-being of patients in hospital settings.

LITERATURE REVIEW

Tawade et al. [1] explored that saline bottle in the hospital plays a very important and crucial role for
every patient. In almost every hospital, the staff or a nurse or an assistant is responsible to check the
saline level frequently. In some situations, the nurse may forget to check the saline level due to some
other schedules [1].

Rangsee et al. [2] reported that saline and blood leakage are among the foremost common blood
vessel medical care, which performs a significant part within the supervision of patients who are
unwell [2].

Goepel [3] reported on “The ink drop sensor — a means of making ink-jet printers more reliable.”
Saline, one of the most popular intravenous (IV) therapies, plays a major role in the management of
patients who are critically ill [3]. Surveillance of saline bottle level is very important because when the
bottle is emptied, and the needle is not removed from the vein then the blood flows outward into the
bottle. In hospitals, the nurses or caretakers are responsible for monitoring the saline bottle level.
Mostly, due to negligence and any unusual condition, the exact timing of removing the needle from the
patient's vein is ignored which causes a serious casualty and may lead to death as well.
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Thongpance et al. [4] proposed “The design and construction of infusion pump calibrator.” The
purpose of this research was to study the design and construction of infusion pump calibrator [4]. They
have adopted the principle of physics, electronics, and microcontroller.

Gavimath et al. [5] proposed “Design and development of versatile saline flow rate measurement
system and gsm based remote monitoring device”. They describe the development of an automatic
saline monitoring system using a low cost indigenously developed sensor and GSM (global system for
mobile communication) modem.

The method proposed by Shirgan and Landge [6] uses sensors that function as level sensors to keep
an eye on the crucial saline level in the saline bottle and regulate the infusion drip rate by means of a
motor mechanism. Through an app that will be created for medical staff members' convenience, the
system will show the state of the saline droplets, the saline drop rate, and the amount of time left. Both
homes and hospitals can benefit from the appropriate usage of this suggested technology [6].

Ojha et al. [7] are developing novel health monitoring systems with minimal human intervention that
will be inexpensively accessible in both urban and rural regions. The system's goal is to effectively
troubleshoot the issue. This allows the nurse to keep an eye on the saline level even within the control
room [7]. An loT -based alarm system for saline reversal in medical settings was the system proposed
by Belshi et al. [8].

Methodology and Approaches

Blood leakage is serious life-threatening complication occurring during dialysis therapy.
Observation of saline level is incredibly necessary because once the bottle is empty and the needle is
not removed from the blood vessel, the blood leaks into the saline solution. In health centers, the medic
or caretakers sometimes do not monitor the saline bottle level due to their carelessness. Patients in
hospitals are given saline to help them recover from dehydration and to improve their general health.
A saline reversal occurs when a patient is given a saline injection by a medical professional who is not
fully aware of the circumstances within the hospital. The backflow of blood, or the improper direction
of saline flow, is identified by the system through the use of sensors positioned at different places in
the saline delivery network.

When a saline reversal is identified, the system notifies medical professionals via text message to
their mobile device. By taking a thorough and proactive approach, the suggested loT-based alarm
system for saline reversal in medical settings seeks to completely transform patient safety. Block
diagram is presented in Figure 1. Using smart sensors positioned strategically throughout the saline
supply network and loT technologies, this inventive solution combines essential components [8]. The
loT alert system is the central hub that gathers and processes real-time sensor data, acting as the project's
core. To ensure quick responses to possible threats, this system uses sophisticated algorithms to
continually perform analysis, recognition of anomalies, and decision-making.

The sensor will cease the saline flow and the flow if the saline drops below a certain threshold level.
Level sensors in an autonomous saline level monitoring system determine if the liquid level in the bottle
is in a normal or warning state [9]. The saline drop rate can be identified with high accuracy. To
determine if the saline bottle is empty, the sensor's output is evaluated. The alarm will ring when the
saline bottle falls below a predetermined level. The designed and constructed the infusion pump
calibrator was composed of three main parts: (1) the control part consisting of micro switches for
selecting the operating mode, (2) signals detection part composed of load cells, pressure sensor for
measuring flow rate and occlusion alarm respectively, and (3) the processing and display part
comprising of microcontroller AVR ATmegal280 with C Language program and LCD respectively.
The results of functional testing were compared with standard infusion devices analyzer Matron Lagu
and showed that the average percentage error of flow rate measuring and occlusion pressure tests were
0.45% and 0.21%, respectively.
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RESULTS
The LCD displays the saline content through the help of sensors and microcontrollers attached to it
as shown in Figure 2. The complete prototype is presented in Figure 3.
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Figure 1. Block diagram of global system for mobile communication.

Figure 2. Drug level measurement.
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Figure 3. Optical character recognition (OCR)
transforming text into digital data.

DISCUSSION

The development of a saline level monitoring and automatic alert system represents a significant
advancement in patient care, particularly in hospital settings where continuous monitoring and timely
interventions are essential for ensuring patient safety and well-being. This discussion explores the
implications, challenges, and potential future directions of such a project. First and foremost, the
implementation of this system addresses a critical need in healthcare—namely, the prevention of
adverse events associated with saline infusion therapy. By providing real-time monitoring of saline
levels and automatic alerts for any anomalies, the system empowers healthcare professionals to
intervene promptly and mitigate risks to patient safety. This proactive approach not only enhances
patient outcomes but also reduces the burden on caregivers, allowing them to focus on other aspects of
patient care.

Furthermore, the integration of wireless communication technology and IoT platforms enables
remote monitoring of patients' saline levels, offering flexibility and convenience for healthcare
providers. This capability is particularly valuable during nighttime hours when staffing levels may be
lower, ensuring that patients receive continuous oversight and timely interventions regardless of the
time of day.

Despite its numerous benefits, the project also poses several challenges and considerations. One key
challenge is the need for rigorous testing and validation to ensure the accuracy and reliability of the
monitoring system. Variability in saline flow rates, sensor performance, and environmental factors
could potentially impact the system's effectiveness, necessitating thorough validation protocols.

Additionally, the implementation of such a system requires significant investment in terms of both
financial resources and personnel training. Hospitals must allocate resources for the acquisition of
equipment, installation, and ongoing maintenance, as well as provide comprehensive training for
healthcare professionals on how to use the system effectively. Moreover, the integration of new

© STM Journals 2024. All Rights Reserved 30



Enhancing Patient Safety Visakhan et al.

technology into existing healthcare workflows may require organizational changes and adjustments to
standard operating procedures, which can pose logistical and cultural challenges.

Looking ahead, there are several potential avenues for future research and development in this area.
One promising direction is the integration of machine learning algorithms to enhance the system's
predictive capabilities and enable personalized monitoring and intervention strategies. By analyzing data
collected from patients over time, machine learning models could identify patterns and trends indicative
of impending complications, allowing for pre-emptive interventions to prevent adverse events.

Furthermore, advancements in sensor technology and miniaturization could lead to the development
of more compact and wearable monitoring devices, enabling continuous monitoring of patients' saline
levels outside of traditional hospital settings. This could have significant implications for home
healthcare and remote patient monitoring, empowering patients to take a more active role in managing
their health while reducing the need for frequent hospital visits. In conclusion, the development of a
saline level monitoring and automatic alert system represents a significant step forward in patient safety
and healthcare delivery. By leveraging technology to provide real-time monitoring, remote oversight,
and automatic alerts, the system has the potential to improve outcomes for patients receiving saline
infusion therapy while reducing the burden on healthcare providers. However, addressing challenges
related to validation, implementation, and integration will be critical to realizing the full potential of
this innovative solution.

CONCLUSION

In conclusion, the “Advanced Saline Monitoring System for Medical Precision” project represents a
significant advancement in healthcare technology, with the potential to revolutionize patient care and
operational efficiency within healthcare facilities. By integrating IoT technology, sensors, and machine
learning models, the system offers real-time monitoring of saline solution levels and patient vitals,
enhancing patient safety and treatment outcomes.

The utilization of Arduino IDE facilitates the programming and deployment of firmware code to the
Arduino microcontroller, ensuring the seamless operation of the monitoring system. As healthcare
continues to evolve, such innovative solutions are crucial for improving healthcare delivery, optimizing
resource utilization, and ultimately enhancing the quality of patient care.

By integrating sensor technology, and 10T connectivity, the system streamlines workflows, enhances
efficiency, and improves patient safety and outcomes. With the help of SVM we can predict the
abnormal behavior of the patient so that we can get a server notification.

REFERENCES

1. Tawade IS, Pendse MS, Chaudhari HP. Design and development of saline flow rate monitoring
system using flow sensor, microcontroller and RF ZigBee module. Int J Eng Res General Sci. 2015;
3 (3): 472-478.

2. Rangsee P, Suebsombut P, Boonyanant P. Low-cost saline droplet measurement system using for
common patient room in rural public hospital. In: Joint International Conference on Information
and Communication Technology, Electronic and Electrical Engineering (JICTEE), Chiang Rai,
Thailand, March 5-8, 2014. pp. 1-5. doi: 10.1109/JICTEE.2014.6804111.

3. Goepel E. The ink drop sensor — a means of making ink-jet printers more reliable. In: VVLSI and
Computer Peripherals. COMPEURO 89, Hamburg, West Germany, May 8-12, 1989. pp. 2/56—
2/60, doi: 10.1109/CMPEUR.1989.93372.

4. Thongpance N, Pititeeraphab Y, Ophasphanichayakul M. The design and construction of infusion
pump calibrator. The 5th 2012 Biomedical Engineering International Conference, Muang,
Thailand, December 5-7, 2012. pp. 1-3. doi: 10.1109/BMEiCon.2012.6465429.

© STM Journals 2024. All Rights Reserved 31



Trends in Electrical Engineering
Volume 14, Issue 3
ISSN: 2249-4774 (Online), ISSN: 2321-4260 (Print)

5.

Gavimath CC, Bhat K, Chayalakshmi CL, Hooli RS, Ravishankera BE. Design and development
of versatile saline flow rate measurement system and GSM based remote monitoring device. Int J
Pharm Appl. 2012; 3 (1): 277-281.

Shirgan SS, Landge PP. Saline level monitoring and control system using 10T cloud control. Int J
Res Publ Rev. 2022; 3 (1): 1210-1218.

Ojha K, Parihar J, Brahmankar G. 10T based saline level monitoring system. J Sci Technol. 2021;
6 (Special Issue 1): 125-130. doi: 10.46243/jst.2021.v6.i104.pp125-130.

Vinisha Gladys Belshi J, Jaison Samuel D, Manoj D. Safe Drip — IoT empowered saline monitoring
and reversal prevention. Int J Sci Manage Stud. 2024; 7 (1): 60-64.

Umchid S, Kongsomboom P, Buttongdee M. Design and development of a monitoring system for
saline administration. In: Proceedings of the World Congress on Engineering 2018 Vol I. WCE
2018, July 4-6, 2018, London, UK. IAENG Press; 2018.

© STM Journals 2024. All Rights Reserved 32



	MATERIALS AND METHODS
	LITERATURE REVIEW
	Methodology and Approaches
	RESULTS
	Figure 1. Block diagram of global system for mobile communication .
	Figure 2. Drug level measurement.
	Figure 3. Optical character recognition (OCR)  transforming text into digital data .
	DISCUSSION
	CONCLUSION
	REFERENCES

