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ABSTRACT 

 

Saline, one of the most popular intravenous (IV) therapy plays a major role in 

the management of patients who are critically ill. 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. Furthermore, remote 

monitoring is a need to provide telehealth services. To prevent the accident due 

to the ignorance of caretakers and to provide remote surveillance in telehealth 

services, we have proposed the cost-effective smart saline level monitoring 

device which includes the combination of sensor and Internet of Things (IoT) 

technologies. We have built this system by using load sensor and ultra-low 

power low cost ESP32 WiFi System on Chip (SoC) microcontroller. The load 

sensor converts the weight of the bottle to a specific voltage. The ESP32 

microcontroller generates and publishes a specific message based on the voltage 

received from the sensor. To publish and present the messages to the devices 

(e.g. smartphone, tablet, laptop etc.) of subscribers like doctors, nurses or 

caretakers, we have used MQTT-S publish/subscribe protocol which runs over 

TCP. This proposed monitoring system fulfills the reliable delivery of messages 

to the subscribers which is very important for healthcare. 

Keywords : Intravenous, Internet of Things, System on Chip, MQTT-S 

 

I. INTRODUCTION 

 

The latest report of Global Health Observatory 

(GHO) data on the density of physicians per 

population states that globally the ratio of physicians 

is less than 1 per 1000 persons [1]. Building smart 

healthcare [2] including tele-health is a need so that 

the care must be reachable. In order to make the 

healthcare system smart, it is required to automate 

the function of diagnosis, treatment, management, 
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and decision, so that the services are available both 

for rural and urban people. 

One of the important challenges related to the 

management of healthcare is to watch the saline 

level. Almost in all hospitals, a caretaker/nurse is 

responsible to keep an eye on the saline level and if 

they fail to monitor this, it is the patient who suffers. 

Saline bottle when emptied and if the needle is not 

removed from the patient’s vein then due to the 

pressure difference, the blood flows outward into the 

bottle which may lead to serious casualty. So, it is the 

need to automate the surveillance in order to 

prevent such accident. Further, long distance 

monitoring by the clinician is also a requirement in 

telehealth [3] services. 

Many authors [4], [5], [6] have addressed the above- 

discussed problem with the alert notification system. 

The authors [4] have used the buzzer sound to alert 

the nurse. Buzzer sound alert system creates noise 

which is not suitable for the hospital which requires 

a soundless environment. Moreover, this buzzer 

system is not expandable for telehealth. On the other 

side, the authors of [5], [6] have used SMS 

messaging system for sending an alert message to the 

nurses mobile number. This system has used GSM 

(Global System for Mobile Communications) 

technology [7], which is an open cellular technology, 

for transmitting data services. 

However, the authors [8] have discussed that 

accessing cellular data is more expensive than 

WiFi. WiFi is a local area network (LAN) run in a 

local environment or in a distributed setting. WiFi 

network protocol is one of the leading communication 

technology used in the IoT world which supports low 

transmit power along with low cost [9]. For providing 

the cost-effective solution, we have proposed IoT 

based saline level monitoring system using ultra-low 

power low-cost WiFi technology. The components, 

we have used to build this system includes a load 

sensor [10] and ESP32 WiFi chip [11]. The load 

sensor converts the current weight of the saline 

bottle into a specific voltage. The ESP32 WiFi chip 

receives continuous voltage level from the load 

sensor and publishes notification message to the 

nurse station, doctor, nurse, caretaker etc., once the 

specified threshold saline level is reached. The 

application layer is responsible for message for- 

matting and publication. Hyper Text Transfer 

Protocol (HTTP) 

[17] is a commonly used application layer protocol 

on the Internet for message formatting and 

presentation. However, the authors [9] have 

commented that the HTTP protocol is not suitable 

for resource-constrained environments because it 

arouses a large parsing overhead. They have discussed 

two alternative application layer protocols such as 

Constrained Application Protocol (CoAP) and 

Message Queue Telemetry Transport(MQTT) which 

have been widely used for IoT appli- cations. CoAP 

[13] incorporates optimizations for constrained 

application environments. MQTT[13] is a lightweight 

protocol and is designed for ultra-low power and low-

cost devices. It is based on topic-based 

publish/subscribe [12] protocol. In topic-based 

publish/subscribe protocol, the clients act as publish- 

ers/subscribers and the server acts as a broker. The 

clients are connected to the broker via TCP which 

confirms the reliability of message delivery. The 

communication among publishers and subscribers 

takes place through the broker. The broker is 

responsible for coordinating the subscriptions. 

Clients can publish or subscribe to a topic name. 

However, MQTT uses text for topic names which 

increases its overhead and so MQTT-S protocol [14] 

is introduced. In MQTT-S, the topic names are 

replaced by topic IDs which reduces the overhead of 

transmission. Furthermore, MQTT-S protocol also 

supports buffering of published messages which can 

be read later by the offline client. This feature 

provides guaranteed delivery of the published 

message. Due to the added advantages of MQTT-S, 

we have utilized this application layer protocol for 

message formatting and presentation. 
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Section II presents the overview of the proposed 

system. Section III gives the architecture of the 

proposed system. In section IV, we have presented 

the algorithm which describes the communication 

among the components of the proposed system. 

Finally, section V gives the conclusion. 

 

II. PROPOSED SYSTEM 

 

The system is composed of four components: Load 

Sensor, ESP32 WiFi Chip, MQTT-S Broker/Server and 

MQTT-S Client. The load sensor is fixed on saline 

hanger and bottle is hung on it. This sensor converts 

the varying weight of the bottle into different 

voltages. So, each level of saline weight corresponds 

to some specific voltage. The output voltage from the 

load sensor is fed in the ESP32 WiFi chip. Out of the 

continuous input voltage received, when the 

specific voltage of interest is obtained, ESP32 will 

produce the suitable output message such as FULL, 

ALERT and CRITICAL. The messages are generated 

under the following conditions. 

 

1) FULL, when the saline bottle is full. 

2) ALERT, when the liquid level is reduced to 

50%. 

3) CRITICAL, when only 10% of the liquid level 

is left in the bottle. 

 

The generated output message is then published 

through WiFi network. The proposed system 

supports asynchronous communication between 

ESP32 and end devices of doc- tor, nurse or 

caretaker like the smartphone, tablet, laptop etc. 

To obtain the asynchronous communication, we have 

adopted MQTT-S lightweight IoT protocol. This 

protocol is based on publish/subscribe paradigm [12]. 

Publish/Subscribe paradigm supports asynchronous 

messaging system in which the provider(called 

publisher) of information is decoupled from the 

clients(called subscriber) of that information. The 

communication among the provider and clients takes 

place through the broker. 

In this system, ESP32 WiFi chip acts as MQTT-S 

publisher and devices such as the smartphone, tablet, 

laptop etc. are acting as MQTT-S clients/subscribers. 

MQTT-S broker is deployed on such configured 

machine which can handle any number of MQTT-S 

publishers and clients. MQTT-S clients are connected 

to the broker via TCP. When ESP32 publish a 

message, the MQTT-S broker will receive the 

message which is then forwarded to the subscribed 

MQTT-S clients. The general process of the proposed 

system is shown in figure 1. In the next section, we 

will describe each of the components in detail. 

 

III. SYSTEM SPECIFICATION 

 

In the proposed system, by the weight of the saline 

bottle, the level of liquid can be estimated so that 

when the liquid reaches to its minimum level, 

ESP32 WiFi module is used to send alerts to end 

subscribers via MQTT-S communication protocol. 

Below we describe the working of each module: 

 

Load Sensor: It is comprised of a load cell[10] and a 

HX711 [18] chip. The load sensor works on the 

principle that on applying a mechanical load, the 

piezoelectric material of strain gauge in the load cell 

deforms that leads to change in resistance and 

thereby the output voltage will change. So, the load 

cell in a sensor acts as a transducer that converts load 

into measurable electrical output. This analog output 

is fed to the HX711 chip which amplifies and 

converts the analog voltage into a pulse width 

modulated (PWM) digital voltage. Further, the 

amplified output voltage from the HX711 chip is fed 

in one of the GPIO input pin of the ESP32 chip 

shown in figure 2. 
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Fig. 1. Circuit Diagram 

 

ESP32 WiFi Chip: This is a well known low-cost 

microcontroller having Wifi embedded on the chip. 

The WiFi is based on the IEEE 802.11 b/g/n standard, 

which operates in the gigahertz band (2.4 GHz) with 

data transfer rate upto 150 Mbps [11]. The 

continuous pulse width modulated digital voltage 

generated by HX711 is received on ESP32 GPIO 

input pin. Depending on the weight of the bottle, 

the load sensor will produce corresponding PWM 

voltage. The maximum capacity the load cell can 

take is 750g, and for this weight the HX711 chip 

will produce the value of 255 PWM voltage. In case 

of the saline bottle, generally the weight ranges up to 

500g. We have observed that the load cell generates 

the following PWM output. 

 

a) For 500g, the PWM value is 170. 

b) For 250g, the PWM value is 85. 

c) For 50g, the PWM value is reduced to 17. 

 

We have programmed ESP32 in such a form that it 

will generate the suitable message corresponding to 

the PWM value described in table I. The message is 

then published through MQTT- S communication 

protocol to the MQTT-S broker. The MQTT-S broker 

further broadcast the received published message to 

all the subscribed MQTT-S clients such as the 

smartphone, smartwatch, tablet etc. 

 

 

 

TABLE I 

NOTIFICATION MESSAGE 

CORRESPONDING TO THE PWM 

VALUE 

 

S.No Weight PWM 

Voltage 

Message 

1 500g 170 FULL!! 

2 250g 85 ALERT!! 

3 50g 17 CRITICAL!! 

 

MQTT-S: It is a lightweight protocol specially 

designed for low power and low-cost devices [14]. 

It is based on topic-based publish/subscribe paradigm 

as shown in figure 3. In this paradigm, one node acts 

as a broker while all others as a client. Each client 

can either be a publisher or a subscriber and should 

be connected with a broker. Clients can publish or 

subscribe message with respect to any topic. The 

topic is identified by the unique identification 

number [15] named topicID. When a publisher (in 

this case ESP32) publishes, the message is sent to all 

the other clients subscribed to that topicID via a 

broker. 

In this work, we have generated topic identification 

number by applying SHA-1 cryptographic hash 

function on ESP32 WiFi MAC address and barcode of 

saline bottle which is shown in equation 1. 

topicID = sha(ESP 32WiFiMACaddress, 

salinebarcode) (1) 

ESP32 WiFi MAC address is the MAC address of 

the ESP32 WiFi chip in which the load sensor is 

connected and barcode of the saline bottle is the 

number used to uniquely identify the   saline   bot- 

tle. The value generated by hashing will be 160- 

bit and is represented by a hexadecimal number for 

example, 

f7ff9e8b777654345423bcedfdea34523432abf0. In 

MQTT-S, topics are preregistered and do not need 

registration [9]. 
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Below, describe the components of MQTT-S utilized 

in this paper. 

MQTT-S Broker: When ESP32 publishes a mes- sage 

for saline level with certain topicID, the MQTT-S 

broker acts as a mediator which can receive that 

message and further forward it to the clients 

subscribed to that topicID. In this work, we have 

considered a machine as the broker which can 

handle both publishers and subscribers and is also 

able to buffer the currently published mes- sages. 

Buffering of published messages is useful for offline 

clients who can later read that missed messages once 

they wake up [9]. 

MQTT-S Publisher/Subscriber: Here, ESP32 ac- 

companied with the load sensor acts as an MQTT-S 

publisher whose job is to publish a message ac- 

cording to the saline level described in table I. On the 

other side, the subscribers like the smartphone, 

tablet, LCD display etc. acts as MQTT clients who 

can subscribe to the preregistered topicID. For 

receiving the published message, it is required that 

the subscriber must register itself respective to the 

topicID on to the broker. 

For registration, the subscriber gives its identi- 

fication number, for example, MAC address of the 

network interface, and topicID, to the broker. 

Whenever the broker receives the message, it can 

send that message related to the subscribed topicID to 

the registered subscriber, through online. When the 

subscriber is in offline or sleep state, then also 

MQTT-S protocol provides a provision that the 

subscriber can read that missed message from the 

buffer of the broker. 

 

IV. DISCUSSION 

 

The communications among the above described 

MQTT-S components are shown in algorithm 1. The 

procedure named ESP32 WiFi Chip acts as MQTT-S 

publisher runs on ESP32 WiFi microcontroller 

whose job is to continuous read digital voltage in its 

GPIO input pin i.e GPIO Input Pin received 

from the HX711 chip. As soon as the voltage reading 

reaches to the certain level like 170, 85 etc., 

ESP32 WiFi Chip publish the message to the 

corresponding topicID by invoking 

Broker.Publish  function of Broker  procedure. 

On the other side, the procedure Broker which 

runs on the server machine accepts publication and 

subscription by Publish and Subscription procedure 

respectively. The pro- cedure Subscriber runs on 

each MQTT-S client’s machine whose job is to 

display the published message. However, for 

receiving the publication related to certain topic 

from the Broker, the subscriber must register itself 

by invoking Broker.Subscription procedure of 

Broker along with pass- ing two parameters myID 

and sTopicID which represents subscriber 

identification number and the topic of its interest 

respectively. 

After experimentation, we have observed that ESP32 

Wifi chip generates the messages recorded in table 

I. Once the message is generated, the publishing 

process running in ESP32 WiFi chip publishes the 

message which will be buffered in the  Broker  

represented  by  buffer[i][j] where,  iϵmessage and 

jϵtopic ID (shown in algorithm 1). Due to 

buffering of published messages on Broker, it is 

possible that the subscriber can also read the 

message after waking up from the sleep state or 

when online after offline. For reading the message 

from the buffer, the Subscriber invokes the proce- 

dure Broker.ReadBuffer which in turn writes the 

message by calling procedure Subscriber.Write. 

This procedure then displays the message to MQTT-

S client who was offline.  

 

V. CONCLUSION 

 

In this paper, we have proposed a cost-effective smart 

saline level surveillance system by which the level of 

the saline feeding to the patient can be monitored 

remotely by the nurse, caretaker, hospital staff, 

doctor etc. We have adopted MQTT-S protocol as it is 
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efficient for low cost and low power devices. 

Furthermore, MQTT-S also provides guaranteed 

delivery of messages as it supports asynchronous 

communication using buffering of messages. We have 

believed that using this proposed monitoring system 

one can monitor the level of the saline bottle from a 

distant position which will aid in building smart 

healthcare system. 
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