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Abstract: Incorporating technology in emergency healthcare would tremendously help to 

further enhance the quality of patient’s care. The application of Internet of Things or IoT into 

emergency healthcare could be the better digital solutions to saving lives in the time of rush. 

The patient’s vital signs, TRIAGE tags and conditions could be updated to the doctors in the 

emergency department without lag. Both parties can also communicate with one another to 

discuss the patient’s treatment. This welcomes more possibilities in telemedicine and disaster 

management. Patients who suffered from serious illness issues such as heart attack, other 

respiratory failures and sudden rise in body temperature need at least IoT based wearable 

health monitoring systems for continuous physiological data monitoring in real-time basis. This 

wearable health monitoring systems can provide better transformation information compare to 

the general health issues for each individuals. The implementation of IoT based wireless 

technologies in this project create a new alternative way in the medical stuff to convert the 

conventional health care system, by replacing the current practice to a wearable monitoring 

vital sign systems, which is more efficient. The objective for this research is to develop a 

wearable device capable of monitoring and transmitting vital signal patients in real-time basis 

and to create low-cost, greater mobility for a doctor to provide consultation to the patient in 

prompt action. In specific, wireless devices and techniques for monitoring heart, pulse rate and 

temperature are discussed. 
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Introduction 

The inspiration of wearable means a model or devices that can attach on the body without 

disturbing daily activities. Nowadays, unexpected vast number of trendy wearable devices for 

health monitoring in the market but unfortunately not all of these devices are able to 

continuously monitoring our health level conditions in low cost value (Lidal et al., n.d.)-

(Abuzeyad et al., 2020). The wearable technology is based on conventional electronics, either 

rigid or bendable, powered by conventional power supply. This includes mobile phone 

peripherals such as hand on devices, interfaces or sensors connected to the personal phone. The 

device itself need to have long lasting source supply such and low consumption because the 

patient need to wear the wearable device for a long period of time. Other factor such as 

temperature, humidity and motion need to minimize and other factor need to be performed and 

maintained to ensure this device work successfully. 

 

In today's world, people with the working class spend most of the day shuttling between various 

tasks and tend to ignore their health condition and fitness. Most of the citizen chooses to ignore 

the treatment even a simple appointment with a doctor. Therefore, many patients chooses to go 

to a clinic when they are suffering from a serious illness and when they really need a serious 

medical treatment (Gerson & Feuer, 2018)-(Lawn et al., 2020). Hence, many people are seeking 

for an alternative, such as a monitoring health device that can be worn on the body, low in cost 

and affordable to buy and that can give the freedom for the patients to move around and do 

daily activities freely. 

 

There are several serious issues of health problem that need to be monitor continuously. To 

develop a wearable device with benefits such as affordable and great mobility for the patients, 

a lot of effort has gone to develop a compactible wearable devices with all benefits include. 

Nevertheless, this development in previous study cost a lot of money and obviously will affect 

the market price. This project was developed in order to overcome from the previous difficulties 

such big, bulky and expensive (Javaid et al., 2020)-(Kuriyama et al., 2017). This monitoring 

device must be accurate, user friendly, safe, easy to maintain and affordable for the citizen to 

purchase it. With the development of new wearable technology that can be used in monitoring, 

will helped the doctor to detect early warning of disease and the cure will be provided on time. 

 

In this work, the main objectives of this project is develop a devices that have flexibility, and 

most importantly low cost and affordable for the citizen to purchase it. This project was 

designed to monitor and track conditions, temperature and heart beat rate and pulse rate of the 

patient in cities or rural area. This will able the doctor to consult the patient upon receiving the 

data and patient able to know they level of health through apps application and the doctor can 

keep updating the patient health condition automatically via Internet of Things platform.  

 

Development of Vital Signs Monitoring System 

Vital sign is the most important signs that represent the status condition of the human body vital 

functions or life-sustaining. In order to show progress toward recovery, this measurement are 

needed to update the general physical health of an individual and this measurements are very 

important by give an early diagnosis to possible disease in future(Abuzeyad et al., 2020)-(Lawn 

et al., 2020). Basically the standard of ranges for an individual’s vital signs vary with age, 
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weight, gender, and overall health (Javaid et al., 2020)-(Kuriyama et al., 2017). There are four 

primary vital signs in the human body such as body temperature (BT), pulse also known as 

heart rate (HR) and respiratory rate (RR). 

 

 
Figure 1: The system architecture of the proposed approach consists of sensor and a 

controller along with smart phone. 

 

The main objective of the proposed model is to provide heart patients with this electronic device 

which can continually monitor cardiac functions and maintain a medical record that is updated 

in a timely manner. In the case of any notifications, acute alerts in the form of messages will be 

created and sent to relative care of the patient. Along with the gentlemen, the doctors concerned 

with the condition of the patient will also be notified so that immediate assistance can be 

provided. Another main focus is the introduction emergency service by sending the patient's 

position to the ambulance station using the Global Positioning System (GPS) in case of 

emergency (Trust et al., 2020).  

 

The wireless zone of the body area (WBAN) that is implemented in the proposed model consists 

of the following steps such as set of sensors to detect physiological parameters. Level two 

includes the Android smartphone, which is the bus station and holds the headquarters of the 

proposed model. Level three which is the final step of the proposed model is a wireless network 

designed to provide data. Each level is a complex subsystem that needs equal care to ensure 

efficiency.  Fig. 1 illustrates the general outline of the proposed structure of a model and flow 

data transfer. The proposed structure of the model is a composite of the hardware part and 

software part. The instrument part consists of pulse sensor and the main controller is Arduino 

UNO along with the Android device, while the console programming and Android application 

contribute to the program side of the project. 

 

Wearable Pulse Heart Rate Sensor  

The main type of wearable sensor used in this work which are heart pulse sensor. The pulse 

heart rate sensor which is sensor A, heart pulse sensor consists of a light emitting diode and a 

detector. Heart beat can be measured based on the change in volume of blood flow that causes 

a change in the light intensity. According to the block diagram, shows the process of sensing 

the heart bit signal from the patient before sent the data to ATMEGA328P. 
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Bluetooth HC-05 Communication Protocol 

In the past decades, several development for wireless communication have been created. 

Bluetooth is one of the widely used in Wireless Personal Area Network (WPANs). In the 

network consists of different extent of the propagation range compared to wireless BANs 

(WBANs). This is because (WPANs) cover extend away from the body (off-body 

communications) while (WBANs) cover the immediate area of the body (intra-body 

communications). This Bluetooth device capable transmitting the data to arrange of two to ten 

meters with the maximum transmitted power of 0dBm (1mW). Bluetooth is suitable to use as 

body worn wireless sensor because it has low power requirement applications and it also offers 

a very low power option (Valentino et al., 2020)-(al et al., 2020). Compare to other enabling 

technologies such as Wi-Fi, this Bluetooth device sill consists of limitation in power 

consumption (Riplinger et al., 2020)-(Kuriyama et al., 2017). 

 

Process Flow Development of Wearable Heart Rate Monitoring System 

Flow chart of the wearable heart rate monitoring system for this project as shown in Fig. 2. In 

the first stage, two type of sensors will be used in this project which are heart pulse sensor (HR) 

and body temperature sensor (BT) are connected to the patient’s body at suitable location to 

collect vital sign for the patient. If the sensors are not detected this process will be repeated 

again. Next stage, the data will be stored in ATMEGA382P. This eight bit microcontroller has 

the ability to store the data even without any electrical supply from its biasing terminals. Its 

brilliant features will give advantage in terms of cost efficiency, low power dissipation, 

programming and also in real timer counter with separate oscillator. All the data will be 

transmitted using Bluetooth HC-05 and will be paired with mobile phone.  

 

The collection data from heart pulse sensor and temperature sensor will be received and display 

in the Blynk apps. In the final stage, all the data will be compared to the standard threshold 

values to check if the patient is in normal condition or in irregular condition. If the patient in 

irregular condition, the warning alarm will activate automatically, then the patient needs to click 

the designated RESET button in order to deactivate the alarm when the patient back normal 

condition, a warning text will be sent to the doctor in charge through messenger by click texting 

button. 
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Figure 2: Flow chart the development of the wearable heart rate monitoring system 

using Pulse Heart Rate Sensor (HR) 

 

Data Collection and Analysis 

The main controller that used in this work is Arduino UNO and consists of ATMEGA328P 

microcontroller. This microcontroller act as storage to store the data before transmit the data to 

the apps using Bluetooth HC-05. In this project Bluetooth HC-05 module is use to transmit the 

data. The final stage, which is all the data collected from the sensors will be display in the apps. 

There are two type of sensors used in this project which are heart pulse sensor and temperature 

sensor (DS18B20). The main sensor used is heart pulse sensor consists of a light emitting diode 

and a detector. Heart beat can be measured based on the change in volume of blood flow that 

causes a change in the light intensity. 

 

Reliable communications are very important for health surveillance systems. Bluetooth 

technology is used to transfer data from the control panel to the bus station (smart phones). 

Module HC-05 is an easy-to-use SPP (Serial Port Protocol) module designed to set up a 

transparent serial wireless connection. The unit is compatible with the micro control panel 

(Arduino UNO) the data can be easily transferred. Android Smartphone works in this project 

as a personal server for the patient who collects sensor data from Bluetooth is transferred to 

remote areas over the Internet. This application is a large part of the proposed model. 
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Figure 3: The connection between sensors, Bluetooth and Arduino UNO in development 

of Wearable Heart rate Monitoring System 

 

Figure 3 shows that the Photoplethysmography technique was used to monitor the patient's 

pulse rate. The sensor used for this function is a pulse sensor that is small and can be worn or 

wrapped around the index finger. The sensor unit of a light source projector is the idea behind 

the concept is visual detection of changes in blood volume. Changes in light intensity are used 

to check changes in blood volume level which is very useful in cardiovascular systems. The 

resulting voltages from this sensor unit are converted into heart pulses per minute pulses 

through a microcontroller panel (Arduino UNO).   

 

From this development project analysis, 5 patients have been measured based on the different 

range of ages. The test reading mainly for heart beat pulse data. 
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Figure 4: The display screen to insert the patient information in the Blynk application 

 

Figure 4 shows that the display screen of the Blynk application. In this application consists of 

two main page which is page one will be display as main page while the second page will be 

display as patient information. The first page consists of all the requirement buttons such as 

RESET, START, PATIENT INFORMATION and EMERGENCY button. Each button has 

their own specific work.  

 

All data will be compared to standard threshold values to verify whether the patient is in a 

normal condition or in an irregular state. If the patient is irregular, the alarm will be activated, 

but if the alarm activates when the patient is in a normal state, the patient will need to click the 

designated RESET button. In order to cancel the alarm, warning text will be sent to the doctor 

in charge by messenger by clicking on the emergency button. The second page which is the 

patient information, this page is to help the doctor to identify his or her patient. In this page 

consist of the patient contact number, name, age and also address of the patient. 

 

The sensor interfaces are implemented with the Android application via Bluetooth by 

connecting the micro control panel (Arduino UNO). The Bluetooth module and smart phone 

are needed in the order of the order. 5 volts to switch on the micro control panel.  5 volt batteries 

can be used for this purpose. Once the circuit is turned on, it starts monitoring the patient's vital 

signs data and displays them to the mobile phone application by transferring them through the 

Bluetooth module. Fig. 5 demonstrate interaction of sensor interfaces and mobile applications. 

Figure show the location of the sensor and the controller hardware. Pulse sensor is located on 

the finger. 
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Figure 5: The demonstration of the sensor and controller hardware setup at the body 

 

Pulse Heart Rate Data Reading 

Heart rate reading is performed to measure the condition of each patients. The data from the 

heart pulse sensor were compared to threshold value and analysis the condition. Table 1 show 

the reading of the heart rate of 5 patients. 

 

Table 1: Pulse Heart Rate Data 

 

Patient Age Gender Heart Rate (Bpm) 

A 60 female 60 ~ 80 

B 27 female 57 ~ 98 

C 25 female 80 ~ 90 

D 24 male 71 ~ 90 

E 24 female 109 ~ 122 
 

Table 1 shows the recorded data (pulses per minute) of 5 different people taken from the 

advanced model and by the automatic blood pressure machine and heart rate measurements. 

According to the table show the reading of 5 patient with different ages and gender. From the 

table show that patients A,B,C and D are under the range of normal heart rate which is from 50 

(bpm) to 90 (bpm). Meanwhile, patient E is over the normal line and can de consider in 

dangerous or emergency line.  
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Figure 6: Reading shows the normal heart beat value 

 

In the Figure 6 above shows the reading of Beat per Minute (BPM). It show the normal reading 

of heart beat and according to the research show that the normal heart beat for majority 

population can also have a wide range, from 50 BPM to 90 BPM. If the patient is over 90 BPM, 

he or she is reaching into risk, if the patient is over 100 BPM is consider as dangerous and need 

the consult from the doctor as shown in Fig. 7 below. 

 

 
Figure 7: Reading shows the over 100 BPM heart beat value and need consult by 

respective doctor 
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Conclusions 

The proposed model contributes to tele-health by raising health care standards and monitoring 

patients. It has great potential in providing the community with a cost effective alternative to 

healthcare rehabilitation. It also helps military personnel and athletes to keep their records in a 

timely manner for their health conditions. It aims to reduce the risk of sudden death and save 

time for the environment for physicians, caregivers and patients by getting timely information 

about patients and also able to make timely suggestion to them. By using this kind of 

technology, all the information of the patient will be stored accordingly and health centered will 

be well managed. This wearable monitoring devices allows patient to remain to do they daily 

activities normally. Therefore, it provides an excellent, cost saving alternative to measure the 

patient’s health condition. The objectives of this project is successfully achieved.   
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