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Abstract— The objective of this work is to design, develop 
and construct a saline monitoring system to facilitate medical 
staffs in order to notify them when the saline level is almost 
empty or below the setting value. After installing the saline 
bottle to a load cell module, the load cell will be used to 
measure the weight of the saline. The signals from the load cell 
will be transferred to a microcontroller to convert saline weight 
to saline volume. The volume of the saline is then displayed on 
the LCD screen of the developed system and on the mobile 
phone screen of the medical staff via the application on the 
mobile phone. If the saline volume is less than or equal to the 
setting volume, the alarm will be activated by turning on the 
speaker and the alert message will also be sent to the medical 
staffs via the application on the mobile phone using Bluetooth 
technology. There are 4 tests to validate the performance of the 
developed system. The first test is performed by comparing 
between the weight measured with the developed system and 
the weight of the standard weight. The results show that the 
percentage errors between them are within 0.43%. The second 
test is to examine the relationship between the weight measured 
by the load cell and the saline volume dispensed from the 
infusion pump machine. The relationship between the average 
weights and the volumes is found to be approximately 1 g per 1 
ml. The third test is carried out by comparing between the 
volume measured with the developed system and the volume 
measured with the infusion pump system. The results indicate 
that the percentage errors are within 2.13%. Finally, the 
minimum volume detected by the developed system is found to 
be 4 ml. The results indicate that the developed system is able to 
help in monitoring the saline volume in the bottle from a 
distance and give the notification when the saline level reaches 
the pre-defined critical volume. 

 
Index Terms— saline monitoring system, load cell, Arduino 

microcontroller 

 

I. INTRODUCTION 

s the world population increases, the need for health 
care services also enhances. However, the care people 

 
Manuscript received March 12, 2018; revised April x, 2018. This work 

was supported in part by the Faculty of Applied Science, King Mongkut’s 
University of Technology North Bangkok (Grant# 6143106). 

Sumet Umchid is with the Department of Industrial Physics and 
Medical Instrumentation, Faculty of Applied Science, King Mongkut’s 
University of Technology North Bangkok 10800, THAILAND 
(corresponding author to provide  phone: +668 1889 4263 ; fax: +66 2587 
8253; e-mail: sumet.u@sci.kmutnb.ac.th). 

Pakkawat Kongsomboom is with the Department of Industrial Physics 
and Medical Instrumentation, Faculty of Applied Science, King Mongkut’s 
University of Technology North Bangkok 10800, THAILAND. 

Matuve Buttongdee is with the Department of Industrial Physics and 
Medical Instrumentation, Faculty of Applied Science, King Mongkut’s 
University of Technology North Bangkok 10800, THAILAND. 

   
 

with adequate skill in the hospital are not sufficient. Since 
medical technology has been improved significantly during 
the past few decades, a number of health monitoring systems 
have been developed [1-6].  

Intravenous infusion is one of the most important clinical 
treatments. The progress and flow rate of intravenous 
infusion must be strictly controlled to avoid serious medical 
accidents [7]. Therefore, when normal saline is placed 
intravenously into any patient, the saline level musts be 
constantly monitored by nurses or patient’s relatives. If there 
is no change of a new saline bottle as soon as it is totally 
consumed, the blood from vein will move back into the 
saline bottle due to the difference between the pressure 
inside the empty saline bottle and the blood pressure. This 
may cause tiredness from lack of red blood cells (RBCs) in 
the patient’s blood [8]. Fortunately, some specialized 
medical devices such as infusion pump can solve these 
problems [9-10]. The infusion pump is capable of 
controlling the flow rate of the infusion fluid, and cutting 
down infusion tube in case of reflux. However, the infusion 
pump is quite expensive so the large scale applications are 
limited. Also, it is not able to display the current saline 
volume on the screen and it cannot send the notification to 
the medical staffs personally.   

Consequently, this paper describes the design and  
development of a reliable, cost effective and automatic 
saline level monitoring system, which could be easily 
constructed in any hospitals to prevent the patient from 
getting harmed and protect their lives during saline feeding 
period. The developed system is able to indicate the current 
saline volume in the bottle. In addition, when  the saline 
volume is below the setting volume, the alarm will be 
activated and the notification message will also be sent to 
the medical staffs via the application on the mobile phone 
using Bluetooth technology. This would accommodate 
medical staffs for observing the saline level from a distance 
and reduce the continuous on-site monitoring by the doctors 
and nurses. 

II. METHODS 

A schematic diagram of the developed saline monitoring 
system is presented in Figure 1.  
  The developed saline monitoring system is composed of 
the following parts: 
(1) Load cell (model YZC-133) is used in this work as a 

weight sensor. The rated load of this load cell is 5 kg 
with maximum working voltage 15 V DC. It is placed 
on the medical Intravenous (IV) pole. The saline bottle 
is suspended on the load cell. This strain-gauge load 
cell converts the saline weight into electrical signals 
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and then sends to the weight sensor amplifier module 
(HX711) before going to the microcontroller. 

 

 
 

Fig. 1.  Schematic diagram of the developed saline monitoring system 
 
(2) Weight sensor amplifier module (model HX711) is an 

Integrated Circuit (IC), which consists of an amplifier 
and a precision 24-bit analog-to-digital convertor 
designed for weight scale to interface directly with a 
bridge sensor. This weight sensor amplifier module is 
placed between the load cell and the Arduino to 
amplify the signals from load cell and then convert 
them from analog signals to digital signals for the 
microcontroller (Arduino). The input interface of this 
weight sensor module adopts compact terminal that 
makes this module easier to connect the load cell. The 
output port uses sensor interface, which is compatible 
with Arduino I/O ports. 

(3) Input switches are used to give input commands to the 
developed system. There are 4 micro-switches installed 
in the system. The first micro-switch is a tare weight 
switch used to reset the volume to zero ml before 
suspending the saline bottle. The second input switch is 
a silent switch used to turn off the alarm when the 
current saline volume is below the setting volume. The 
third micro-switch is a set alarm switch used to set the 
amount of saline volume that the system will give a 
notification. The last switch is a reset switch used to 
reset the program of the system to the initial values. 
The signals from these input switches will be 
transferred to the microcontroller unit.     

(4) Arduino UNO R3 is an open source microcontroller 
used as a main processing and programming unit for 
receiving input information from the input switches and 
load cell, and then sending instruction to the Bluetooth 
module, speaker and LCD display. This 
microcontroller will convert saline weight to saline 
volume and then compare the current saline volume to 
the setting saline volume in order to give notification if 
the current saline volume is lower than the setting 
volume. 

(5) Bluetooth module (model HC-05) acts as a 
transreceiver. This module becomes a transmitter when 
it transfers data from the microcontroller to the mobile 
phone. However, it will convert to a receiver when the 
input data are sent from the mobile phone back to the 
microcontroller. 

(6) Mobile phone used in this work needs to be installed 
the mobile applications such as Bluetooth terminal or 

Arduino Bluetooth in order to communicate between 
the Bluetooth module and the mobile phone. 

(7) Liquid crystal display (LCD) is utilized in the 
developed system to display the value of the current 
volume, instruction messages, input setting volume and 
alert messages. 

(8) Speaker (model Future Kit FK240) is an audio 
signaling device used to give an alarm to the medical 
staffs and caretakers when the saline volume reaches 
the pre-defined critical value.  
 

III. RESULTS 

A photograph of the developed saline monitoring system 
is presented in Figure 2. The developed system is composed 
of 3 parts. (1) is the load cell module used to measure the 
weight of the saline. (2) is the signal cable connecting 
between the load cell module and the processing and 
displaying module. (3) is the processing and displaying 
module used to input, process and display data. 

 
 

 
Fig. 2. A photograph of the developed saline monitoring system: (1) load 

cell module (2) signal cable and (3) processing and displaying module  

 
Figure 3 represents the closer look photograph of the 
processing and displaying module. This module comprises 
of the following components: 
(1) LED display is used to indicate the notification together 
with the alarm on the speaker and alert messages on the 
LCD display when the saline volume reaches the pre-defined 
critical value.   
(2) Tare weight switch is used to reset the volume to 0 ml 
before suspending the saline bottle. 
(3) Silent switch is used to deactivate the alarm when the 
current saline volume reach the pre-defined critical value.  
(4) Set alarm switch is used to set the amount of saline 
volume that the system will give a notification. 
(5) Reset switch is used to reset the program of the system to 
the initial values. 
(6) USB port is used to connect data cable between the 
microcontroller of this module to the computer. 
(7) Power supply port is used to supply 9 V DC to the 
module. 
(8) Communication port is used to connect data cable 
between this module and  load cell module. 
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(9) LCD display is used to display the value of the current 
volume, instruction messages, input setting volume and alert 
messages. 
 

 
Fig. 3. A photograph of the processing and displaying module 

 
 

To verify the performance of our developed saline 
monitoring system, the system was tested with 4 method. 

The first test was performed by comparing between the 
weight measured with the developed system using load cell 
and the weight of the standard weight. The test was carried 
out by hanging the standard weights at the weights of 10, 20, 
40, 60 80, 100, 150, 200, 250, 300, 350, 400, 450 and 500 g 
on the load cell module. The weight of those standard 
weights was measured 3 times each by the developed 
system. The graph between the average weight measured by 
the developed system in comparison with the weight of the 
standard weight is presented in Fig. 4. 

 
 

 
Fig. 4.  The graph of the relationship between the weight of the standard 
weight and the weight measured by the developed saline monitoring system 
 

The second test was to examine the relationship between 
the weight measured by the developed system using load cell 
and the saline volume dispensed from the infusion pump 
machine. The experiment was done by using infusion pump 
machine to control volume and flow rate of the saline that 
gave to a beaker suspending to the load cell module. This 
experiment was performed 3 times to obtain the relationship 
between the average weight measured by the developed 
system and the volume of the saline given from the infusion 
pump machine as shown in Fig. 5. 
 

 
Fig. 5.  The graph of the relationship between the weight measured by the 
developed saline monitoring system and the volume dispensed from the 
infusion pump machine 

 
The third test is carried out by comparing the volume 

measured with the developed system to the volume 
measured with the infusion pump machine. The experiment 
was carried out using the same procedure as the experiment 
performed in the second test but the measurements from our 
developed system were in the unit of ml. The relationship 
between the volume measured with the developed system 
and the volume measured with the infusion pump machine is 
shown in Fig. 6. 

 

 
Fig. 6.  The graph of the relationship between the volume measured with 
the developed system and the volume measured with the infusion pump 
machine 

 
The 4th test was to perform the experiment in order to find 

the minimum volume detected by the developed system. 
This test was done by varying the alarm setting volume on 
the developed saline monitoring system from 50 ml to 0 ml 
as shown on Table 1 and then used the infusion pump 
machine to provide the desired saline volume to the 
developed system in order to indicate the minimum volume 
that can be detected by the developed system. 
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TABLE I 
EXPERIMENT TO FIND THE MINIMUM VOLUME DETECTED BY THE 

DEVELOPED SALINE MONITORING SYSTEM 
 

Alarm Setting Volume (ml) Detection 
50 √ 

40 √ 

30 √ 

20 √ 

10 √ 

5 √ 

4 √ 

3 x 

2 x 

1 x 

0 √ 

IV. DISCUSSIONS 

From the results, four tests were performed to validate the 
performance of the developed system. The first test was 
done by comparing between the weight measured with the 
developed system using load cell and the weight of the 
standard weight. The correlation coefficient of weight 
measured with the developed system and the weight of the 
standard weight was found to be 0.9999. These results 
indicate that the weights measured with the developed 
system are in an excellent agreement with the weights of the 
standard weight. In addition, the percentage errors were 
determined to be within 0.43%. The second test was 
implemented to examine the relationship between the weight 
measured by the developed system and the saline volume 
distributed from the infusion pump machine. The correlation 
coefficient of weight measured with the developed system 
and the saline volume dispensed from the infusion pump 
machine was found to be 0.9974. Therefore, these results 
show that the relationship between the average weights and 
the volumes is approximately 1 g per 1 ml. The third test 
was carried out by comparing between the volume measured 
with the developed system and the volume given from the 
infusion pump machine. The correlation coefficient of 
volume measured with the developed system and the volume 
measured from the infusion pump machine was found to be 
0.9999 and the percentage errors were found to be within 
2.13%. These results could confirm that the developed 
system can provide a precise and reliable measurement of 
the volume. The experiment to find the minimum volume 
detected by the developed system was performed in the 4th 
test and it was found to be 4 ml.   

V. CONCLUSIONS 

In conclusion, the saline monitoring system was 
successfully developed. This system is able to indicate the 
current saline volume in the bottle. When the level of the 
saline reaches the pre-defined critical volume, the medical 
staffs or caretakers will be notified by the alarm from the 
speaker and the alert message will be sent to the medical 
staffs via the application on the mobile phone using 
Bluetooth technology. This developed system can provide 
advantages on low cost, flexible use, convenient deployment 
and reliability. It can be reused for the next saline bottle. 

Medical staffs can easily observe the saline level from a 
distance. 
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