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Abstract 

The work presents the artifact of implementation to improve patients’ health conditions 

immediately with the help of technology. For monitoring it digitally for the doctor’s immediate 

actions, we designed the system. In this paper, we've attached some sensors with Arduino Mega 

coding to take data that indicates the condition of the patients that transmits real-time in a 

smartphone or computer. Those data go on to be stored in a microcontroller. With the 

microcontroller, the IoT besides GSM is to be embedded. Through IoT, we can have our sensor 

values working in real-time in a web server that can be made usable again to get feedback. In any 

unwanted or immediate situation of the patient, the doctor can get a notification through GSM. So, 

a doctor decides on medications and therapies based on his patient's condition from anywhere. All 

in all, this integration helps a doctor track his patient's needs all the time. 
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I. Introduction 

 Proper Healthcare is vital for a sick person. 

Because if a sick person's nursing cannot be 

operated at the right time, the person's condition 

will be worsened. But the operating cost is 

increasing day by day. This would restrict the 

decrease of the number of patients' nursing staff.  

An effective healthcare system based on IoT 

and GSM is presented in this paper. The improved 

healthcare program's introduction can add a new 

dimension, and every patient can be controlled 

remotely (Sugathan et al., 2013).  

For example, many severe and complicated 

disorders, such as diabetes mellitus, cardiovascular 

diseases, and susceptible conditions, including 

hypertension, impact people daily (Adogu, 2015). 

People are also continually worried about their 

health motoring. They need to see doctors check 

all of this, according to sources.  

Internet of Things (IoT) is an increasing 

phenomenon that affects many facets of human 

life. IoT-based systems can support intelligent 

healthcare solutions, particularly across various 

processes with various concepts such as data 

collection, data transfer, and data analytics 

(Nookhao et al., 2020). Now, IoT is being used to 

research digitalized medical facilities. Medical 

equipment linked to the satellite facilitates the 

collection of real-time data Job progress in IoT-

based systems is contingent on 3 Cloud jobs, 

getaway, and sensor task systems. The first is the 

network of sensors, the first phase in the 

monitoring and data processing of patients 

(Manfredi, 2012). Second, a Gateway system that 

connects the sensors to the cloud system 

continuously. 

The annual mortality rate of 55.3 million 

individuals, or 1.51.600 deaths per day, or 6,316 

deaths per hour, is a big issue for the whole world 

(Jasemian, 2008). Thus, we propose a model in 

which the patient will calculate their heart rate and 

ECG, and the results are automatically submitted 

to the doctors. Later, these notes can be used to 

meet with physicians in a very brief period. It also 

saves time for both patients and doctors. They do 

not have to wait for details because sensors 

provide real-time data (Nahar et al., 2020). For 

people living in rural areas, the model is 

beneficial.  

IoT transmits data to doctors through 

GSM/3G/4G technology. The proposed model 

may or may not use any individuals, such as those 

afflicted with an illness (Laine et al., 2014). It has 

emergence to test it frequently because people pay 

more attention to preventing and identifying 
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diseases early. Here, all reports have been 

documented with Real-time video surveillance. 

Data and information are produced in large 

quantities by IoT applications. Because of the 

recovery and compilation of patient tracking, these 

health care services are getting better and less 

costly (Gulcharan et al., 2014). 

This scheme can support people of all ages, 

particularly the elderly and those in intensive care 

units. It will compute the patient's pulse and ECG 

and then send the results via text message, web 

server, and smartphone applications (Adogu, 

2015). As a result, we created a website and 

smartphone applications that enable users to 

access and view the production by searching for 

the date and time. Furthermore, in an emergency, a 

nurse or a relative of a patient monitors the 

patient's status using the alternate LIVE camera. 

Our mission was to create a low-cost, high-

accuracy system that everyone could use and 

afford (Azizulkarim et al., 2017). 

The objective of this work is to develop a 

healthcare procedure through the use of 

technology so that further research to advance the 

usage capability of the healthcare devices can be 

attempted.  

 

II. Background Study with Literature 

Review 

IoT (Internet of Things) technologies are 

commonly used in the medical field. This paper is 

about the framework of health surveillance 

through digital equipment's connection with GSM 

and IoT for real-time data collection (Nookhao et 

al., 2020). 

Many problems are worsening a patient's 

health condition more than ever. Nowadays, high 

blood pressure has been the leading cause of heart 

and stroke death and a common cause of many 

chronic diseases. However, there are no remote 

HRV (Heart Rate Variability) analytical devices 

available to help doctors track the patient's 

development or actual events in rural areas 

(Plateau et al., 2019). On the Internet or in in-line 

applications, technologies are commonly used. 

Nowadays, it is vital to gather real-time 

information (Di Palma et al., 2017).  

The network includes sensors, routers, 

appliances, gateways, and the network itself 

(Zaman et al., 2016). In real-time, it connects 

people to objects and stuff. A typical IoT network 

can rapidly develop, increasing data variety, 

velocity, and volume. This data paves the way for 

massive value creation and revenue expansion 

(Kramp et al., 2013).  

In the pre-IoT era, demand for acceptable 

outcomes may be answered in 2-3 day periods in a 

typical supply chain scenario. However, in the 

IoT, time to act is measured in minutes, seconds, 

or microseconds: 30 minutes to supply electricity, 

30 seconds to work on system data, and five 

milliseconds to react to a security breach (Plateau 

& Bhuiyan, 2017). Because of the influx of data 

and high aspirations in the IoT universe, data 

attention will quickly wane. 

The value of time-to-action for IoT 

implementations can be seen in various 

applications and use cases (Shawon et al., 2018). 

Among these applications, there are also specific 

usage cases: 

● An advanced analytics solution that 

Addresses the crucial time-to-action constraint for 

these IoT applications and uses those for further 

study attaining. 

● The unification of historical, real-time, 

predictive solutions is possible by this.  

● It delivers quicker analytics and more 

innovative actions. 

A. IoT Based Patient Monitoring 

Patients who need routine supervision by 

physicians to address their health status will 

benefit from the IoT-based patient monitoring 

system.4.9 million people died of lung cancer, 2.6 

million from obesity, 4.4 million from excessive 

cholesterol, and 7.1 million from high blood 

pressure (Adogu, 2015). The report was published 

mainly in World Health Organization Survey.  

The incorporation of mobile systems that 

interact with physicians or people tracking well-

being is the central principle of the Internet of 

Things.  

Kevin Ashton (2021) first described the word 

IoT. IoT is divisible into three parts.  

● Web – Middle ware-oriented. 

● Sensors of Things Guided. 

● Knowledge Semantics Oriented. 

First, as a hardware layer that uses sensors and 

technologies to enable interconnection, those 

sensors are used for getting the heartbeat, ECG, 

temperature control, etc. This IoT’s primary 
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purpose is to develop an ontology-based solution 

to monitor the states of health (Kevin, 2021). 

B. ECG (Electrocardiograph) 

Various heart defects, such as cardiac rhythm 

disruptions, insufficient coronary artery blood 

flow, and electrolyte disturbances, cause changes 

in the regular ECG sequence. Changes in the 

standard ECG series are caused by multiple heart 

abnormalities including cardiac rhythm disruption, 

insufficient coronary artery blood flow, and 

electrolyte disturbances (E.U., n.d.). Figure 1 

depicts the situation. 

 

 

Figure 1: Normal sinus rhythm ECG. 

C. ECG sensor creation within the body 

There are four chambers within the heart as 

shown in Fig. 2. The heart works normally and it 

is self-energizing. Dissemination is split into a 

circle through the lungs (aspiratory) and a further 

(foundational) circle through the body (Sugathan 

et al., 2013). The heart rate (in beats per minute, 

bpm) represents the cardiac diagram’s duration, 

which shows the entire process.  

D. Arduino 

Arduino uses simple hardware and software to 

make it easy to use as electronics apparatus. By 

sending a series of instructions to the panel's 

microcontroller, you can tell your board what to 

do. The device has been performing compiling and 

simulation in thousands of projects over the years, 

ranging from household objects to advanced 

scientific instruments. 

 

Figure 2: Heart’s diagram 

E. Instruction to Operate the Arduino 

After turning on the unit, the heartbeat monito

r would be connected to one of the patient's fingers

. A temperature sensor will be attached to the 

patient's hand, and an ECG sensor will be linked 

with the body (Manfredi, 2012). These sensor 

values will be sent to a server. Through the 

Internet, the doctor can monitor the patient's 

condition. We also used a GSM module in our 

system, which will provide SMS alerts in 

unwanted conditions. 

 

 

Figure 3: Operational instruction 

F. Heart Beat Basics 

Adults' heart rates should be between 60 

and 100 beats per minute. When an individual is 

sleeping, it is the best time to take their heart rate. 

The target range for a person's heart rate is 

between 50% and 85% of their maximum heart 

rate. A heart rate of just under 120/80 beats/minute 

(bpm) often isn't indicative of a health issue. 
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Table 1: Rate of heartbeat per minute 

 
 

G. Hardware and Software interconnection 

to Exchange Information 

The work has been conducted through the 

usage of a communication network— hardware 

and software simplifications. Serial data 

communication uses two methods. 

● Synchronous 

● Asynchronous 

Where the synchronous method transmits data 

blocks at a time, the asynchronous process 

transfers one byte at a time. The program can be 

tedious and lengthy, so many manufacturers make 

special I.C. chips for serial data communication. 

Such chips are commonly known as Universal 

Asynchronous Transmitter/Receiver (UART) 

(Shalaby, n.d.). 

 

III. Design and Development Methodology 

The methodology for the overall framework 

consists of mainly ten components of integrated 

electronics. The components are:  

ECG Sensor 

Heart Beat Sensor 

Temperature Sensor 

Humidity Sensor 

Gas Sensor 

Flame Sensor 

Ultrasonic Sonar Sensor 

GSM Module 

Arduino Mega 

Node MCU LCD Display 

A 12-volt converter powers the Arduino, 

whereas 5-volt adapter power the GSM module. 

The patient's finger will be used to insert the clip 

of the heartbeat monitor. ECG sensor will be 

attached to the body, and the temperature sensor 

will be connected with the patient's hand. The 

other four sensors are also present in the room of 

the patient.  

The value of Heart rate per minute, 

temperature, and humidity will be shown on the 

LCD. The heart rate value per minute, 

temperature, and ECG will be sent to the 

webserver. GSM module will send SMS in any 

unwanted condition like if gas or flame is detected 

GSM module will send SMS to the phone.  

Again, if the heart rate value per minute, 

temperature, and humidity become unwanted, 

SMS is sent to the phone. If the patient moves 

away from his/her bed, SMS will also be sent to 

the phone. Thus, the processes will be continued. 

The SMS mode can be activated or deactivated 

using a switch. 

 

Figure 4: Working flow diagram 

 

A. Workflow of Electrical Control Unit 

The Arduino Mega is a microcontroller 

module that belongs to the ATmega2560 family of 

microcontrollers. The board has 54 optical input/ 

output pins, 16 analog inputs, and four UA inputs. 
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B. System Model 

Both hardware and software are used in our 

work. Seven sensors are included in the hardware 

section. The GSM Module and the Node MCU are 

both compatible with Arduino. The ECG, heart 

rate, and temperature values are sent to the server 

by the Node MCU. In an unexpected case, the 

GSM Module sends a warning to the cell phone. In 

the LCD, the value of heart rate, temperature, and 

humidity are shown as in Fig. 5. 

 

 

Figure 5: System model for both the heart beat and 

ECG sensors 

C. Hardware Implementation 

Since Arduino is the central control unit, we 

must link it to the power supply to operate the 

machine. We have a variety of sensors connected 

to the input side. A heartbeat sensor, an ECG 

sensor, a temperature sensor, a gas sensor, a flame 

sensor, an ultrasonic sonar sensor, a humidity 

sensor, and a few manual switches as shown in 

Fig. 6. The data are shown on the LCD. The GSM 

module helps send SMS to a cell phone, while the 

Node MCU sends data to a server. The power 

supply connection is shown in Fig. 7. 

D. Components 

First, it is critical to provide a thorough 

understanding of both hardware and software 

requirements to begin the work. The following 

modules were used: 

1. Arduino MEGA 

2. SIM900A GSM Shield 

3. Sensors 

4. ECG 

5. Heartbeat Sensor 

6. Temperature Sensor 

7. Gas Sensor 

8. Flame Sensor 

9. Ultrasonic Sonar Sensor 

10. Humidity Sensor 

11. Node MCU 

12. Power adapter (12V and 5V) 

13. LCD Display (16*2) 

14. Jumper wires 

15. Laptop / computer 

16. Push Button Switch 

17. Bread Board 

18. 7805 IC 

19. 10K Ohms Variable Pot Resistor 

20. 10K Ohms Resistors 
 

 

Figure 6: Hardware enactment of the block diagram 
 

 

Figure 7: Power flow block diagram of the hardware 

implementation 
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An introductory discussion of the used 

modules is given below: 

⮚ Arduino MEGA 

The ATmega2560 is the basis for the Arduino 

Mega 2560 microcontroller module. It comes with 

everything you'll need to get started with the 

microcontroller. The main features of the Arduino 

Mega are given below: 

⮚ SIM 900 GSM Module 

GPRS Shield allows you to receive data from 

a distant location using the GSM mobile phone 

network. All boards with the same form factor 

(and pinout) as an Arduino standard board are 

compliant with the GPRS shield. Based on 

SIMCOM's SIM900 (A2D Converter). 

⮚ Sensors 

The ECG sensor with disposal electrodes is 

connected directly to the chest. To detect any 

pulse, The AD8232 is a portable device that 

calculates the heart's electrical activity. The 

machine as a whole has a high sensitivity, uses 

little electricity, and is very compact. A flame 

detector is a sensor that detects the presence of a 

flame or fire and reacts accordingly.  

The result can be viewed on a computer and 

stored for further study using the serial port. 

Moreover, it can be used for devices ranging 

from 3.0 to 5.0 volts. The onboard digital-to-

analog converter will have an accuracy of up to 12 

bits (Hung et al., 2007). It works great with any 

microcontroller using a single digital pin, and you 

can even connect multiple ones to the same pin. 

They are suitable for detecting LPG, natural gas, 

and town gas, avoiding alcohol and cooking 

fumes' noise. The usage of an Ultrasonic sensor or 

sonar increased to detect very low to high pitch 

sounds.  

Another sensor, the DHT11, is a vital digital 

temperature and humidity sensor that is extremely 

inexpensive. It measures the surrounding air with a 

capacitive humidity sensor and a thermistor. The 

only real disadvantage of this sensor is that it only 

provides new data every 2 seconds. 

⮚ NodeMCU 

The name "NodeMCU" is a combination of 

the words "node" and "MCU" (micro-controller 

unit). The firmware was created using the 

Espressif Non-OS SDK for ESP8266 and is based 

on the eLua project. It makes use of several open-

source projects, including lua-JSON and SPIFFS. 

However, there is also a button. Toggle Button 

A push-button switch is a type of switch that is 

used to operate a process. When the button is 

pressed, it closes, resulting in a low reading since 

it connects two legs and connects the pin to earth. 

One point of the resistor is bound to 5v, while 

the other connects the 10k resistor to the ground. 

E. Software Implementation 

In software execution, we combine the 

software and hardware components. We have an 

Arduino, Node MCU, GSM Module, LCD 

monitor, and seven sensors in the hardware 

section. We'd written code to execute the hardware 

component. In our coding section, we need to 

write two codes—one for the Arduino and another 

for the Node MCU. 

F. Website Implementation 

Adafruit IO is a forum for displaying, 

responding to, and interacting with data. It also 

keeps our data confidential It's the IoT, and it's 

available to all. Adafruit.io is a cloud-based 

platform. We can access it through the Internet. It's 

primarily designed for storing and retrieving data, 

but it's free and easily accessible. 

 

 

Figure 8: Website interface 

 

IV. Design Layout 

The following diagram depicts the pieces, and 

their locations on the structure (Fig. 9) and 

connections. 
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Figure 9: Design layout of the system 

V.  Results and Data Analysis 

We experimented with linking and 

programming all of the components with one 

another. We created a prototype IoT-based Patient 

Management System based on the proposed 

system. Several wires connect the Arduino, GSM 

module, and all of the sensors. 

A. Heartbeat Result Analysis 

We equate the heartbeat outcome with the 

heartbeat output of an automated blood pressure 

system and see whether the heartbeat sensor is 

functioning or not. To follow up on this idea, we 

examined data collected from various individuals 

under a specific age limit. The information is 

listed below, along with the precise date and time. 
 

Table 2: Digital BPM machine vs BPM sensor values 

with an error rate 

Sl # 
Age 

(Yrs.) 

Digital BPM Machine vs. 

BPM Sensor (Values) 

Error Rate 

(%) 

01 28 66 66 0% 

02 39 74 72 2.70% 

03 15 78 78 0% 

04 55 80 84 5% 

05 21 81 84 3.70% 

06 34 84 86 2.38% 

07 46 89 90 1.12% 

 

 

 

Figure 10: BPM Sensor Test 

 

 

Figure 11: Heartbeat result in mobile message 
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B. DS18B20 Temperature sensor Result 

Analysis  

To determine whether the LM35 sensor is 

operating or not, we compare the LM35 

Temperature response to a Thermometer 

temperature. We looked at data from many people 

under a specific age range to follow through on 

this theory. The details are outlined below. 

 
Table 3: Normal Temperature vs. thermometer values 

vs. LM35 sensor values with error rate 

Age 

Group 

Age 

(Years) 

Normal 

Temp 

(0F) 

Thermo

meter 

Temper

ature 

(0F) 

Sensor 

Tempe

rature 

(0F) 

Error 

Rate 

Infant ≤1 97.0-99.0 98.2 97.5 0.71% 

Infant ≥1 97.0-99.0 97.8 97.2 0.61% 

Children 1-17  97.5-98.6 98.4 97.6 0.81% 

Children 1-17  97.5-98.6 97.9 97.1 0.82% 

Adults 18+  97.6-99.0 97.7 97.1 0.60% 

Adults 18+  97.6-99.0 98.5 98.1 0.40% 

Elders 70+  96.8-97.5 96.9 96.2 0.72% 

Elders 70+  96.8-97.5 97.2 96.3 0.92% 

C. ECG Report Analysis 

Three electrodes are initially mounted in the 

patient's chest by our ECG monitor. The red-

colored electrode is mounted on the right side of 

the lung, above the heartbeat. The green electrode 

should be placed on the chest's left side, and the 

yellow electrode should be placed under the green 

electrode. After that, we must hit the ECG push 

button. The meaning would be converted into a 

curve and uploaded to a smartphone app and a 

website. 

 
Table 4: Comparison between our custom device’s 

ECG and diagnostic machine’s ECG 

Interval/ 

Segment 

Name 

Normal 

Range 

(sec) 

Baseline 

Study 

Duration 

(sec) 

Custom 

Device 

Duration 

(sec) 

Error 

Rate 

R-R 0.6-1 0.64 0.66 3.12% 

P-R 0.12-0.2 0.125 0.13 4.0% 

QRS 0.08-0.1  0.085 0.088 3.52% 

QT 0.4-0.43  0.41 0.42 2.43% 

ST 0.05-0.16  0.065 0.67 3.07% 

 

Figure 12: ECG test results (1 and 2) 

VI. Cost Analysis 

Most of the best hospitals in Bangladesh have 

both nationally manufactured or imported medical 

devices from other countries. It includes ECG 

machines, laser machines, and MRI machines. The 

design included minimum-cost devices, and they 

can be replaced via modifying or updating the 

suggested equipment.  

Table 5: Cost analysis table 

Equipment/Component Name 

Unit 

Price 

(BDT) 

1. Arduino Mega 2560 750/= 

2. ECG 2310/= 

3. Heartbeat 1665/= 

4. DS18B20 sensor(Temperature) 100/= 

5. Gas sensor  (MQ-5) 140/= 

6. Flamesensor 120/= 

7. (Node MCU)-ESP8266 515/= 

8. DHT11 Humidity sensor 150/= 

9. SIM 900 GSm module 2000/= 

10. Ultrasonicsonar sensor (HC-SR04) 100/= 

11. LCD 120/= 

12. Jumper wire, power adapter, Bread 

Board, Variable Pot Resistor, Resistors, 

Button Switch (Others) 

250/= 

 Total (in BDT) 8220/= 

 

VII. Conclusions 

In general, an IoT-based healthcare network 

connects intelligent sensors connected to the 

https://www.techshopbd.com/product-categories/miscellaneous-98724/1343/sonar-sensor-hc-sr04-techshop-bangladesh
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human body to monitor daily health. Due to the 

need to keep an eye on medical patients, 

continuous remote monitoring is needed. It is 

demonstrated how an efficient healthcare system 

based on IoT and GSM can be developed. Any 

patient can be remotely monitored. 

The calculation would be simple and can play 

a crucial role in reducing the delayed response of a 

sick individual at any time. Digitization of medical 

equipment has to be connected to satellites to 

provide real-time data, which advances proper 

health care of emergency cases. This work features 

a live display and mobile messaging service and 

tracking patients remotely through the web and 

apps. Lastly, this design’s future development 

opens up much conventional medical device 

integration method’s transparency for advanced 

health monitoring systems proving in this 

technological era. 
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