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Abstract— In this paper, development of 
microcontroller and Internet of things (IoT)-based 
system for monitoring key health vital signs is 
presented. The system consist of both hardware and 
web interface through which the measured parameters 
are transmitted and stored in a web server located at 
toveramedia.com /HealthMonitor. The paper presented 
the design of both the hardware and the software 
components of the system. Model View Controller 
(MVC) architecture and Visual C# were employed in 
the design and implementation of the software while the 
ATMega328 microcontroller, ESP8266 WiFi module, 
DHT11, DHT22 sensor module and Arduino technology 
were used in the hardware design. The monitoring 
system was designed to measure heartbeat, body 
temperature, ambient temperature and the blood 
pressure. The measurements captured from the system 
are time-stamped and in discrete form and they are 
transmitted via internet connection to the web server 
located at toveramedia.com /HealthMonitor. 
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1. Introduction  
As networking technologies evolve, their applications 
multiply [1,2]. Over the years we have witnessed diverse 
categories of network technologies, from the wired 
networks [3,4,5],  to fiber optic networks 
[6,7,8,9,10,11,12,13] and the popular wireless networks 
[14, 15, 16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26,27]; among 
these categories, the wireless network technologies have 
become the most widely used with applications in satellite 
communication [28, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37] 
and the present day Internet of Things [38, 39,40].  The 
Internet of Things popularly known as IoT is the trending 
technology employed worldwide today to solve the 
problems in every sectors of economy [41,42, 43, 44, 45, 
46, 47,48]. Internet of Things (IoT) can be described as the 
interconnection of physical objects and things in a network 
which is made possible because  each of the interconnecting 
objects and things have things like  sensors and embedded 
software along with network interface hardware that enable 
them to connect and communicate via the Internet  
[49,50,51,52,53]. The devices and ‘things’ ranges from 
ordinary household objects to sophisticated industrial tools 
[54,55,56,57].  

Importantly, IoT is a major asset that provides multiple 
benefits to healthcare industry [58,59,60,61, 
62,63,64,65,66]. Doctors, nurses and orderlies often need to 
know the exact point or location of patient and many 
hospital assets can be tracked through IoT [67,68,69,70,71]. 
Implementation of IoT systems requires sensors and 
transceiver technologies for sensing and sending of the 
sensed data via internet connection to the required 
destination location or storage facility [72,73]. In IoT 
networks, there is usually sensor or set of sensors connected 
via wireless network to the internet [74,75,76,77,78,79,80]. 
Among several options, Arduino technology is an open 
source electronics platform that easily accommodate the use 
of hardware and software to sense and send data via the 
internet or other communication networks [81,82,83]. The 
Arduino boards has the capacity to read inputs from a 
sensor, and send the data over a communication network to 
a desired location [84,85,86,87]. This paper presented a 
system that employ time-stamped IoT mechanism to the 
monitor heartbeat, body temperature and blood pressure of 
any individuals and stored the measured data on an online 
storage server.  The time stamp means that each data time 
captured by the sensor has the data capture time associated 
with it. The body temperature component of the system was 
calibrated using a clinical thermometer reading. Similar 
approach was employed in calibrating the heartbeat and 
blood pressure components of the system. 
 
 
2. Methodology 
 
2.1 The hardware design  
The system design is divided into hardware and software 
design. The materials used in the hardware design include: 
Heartbeat sensor, Temperature sensor, Blood pressure 
sensor, Arduino Microcontroller (ATMega328), Power 
supply IC (LM317), WiFi Module (ESP8266), Printed 
Circuit Board (PCB) and Liquid Crystal Display (LCD). 
The hardware design is segmented into four (4) units 
namely; the power supply unit, the microcontroller unit, the 
sensor unit and the WiFi unit [88]. 
Power Supply Unit: The hardware components can operate 
on three (3) different voltages, namely: 3.3 volts (for the 
WiFi module), 5 volts for the microcontroller and its 
peripherals, and 12 volts as the source voltage. The LM317 
adjustable voltage regulator integrated circuit (IC) is 
employed to regulate and supply the circuit required 
voltages. 
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Microcontroller Unit: The microcontroller unit is used to 
enable user control of the device and the Arduino 
microcontroller (ATMega328) was used. The selected 
microcontroller has 13 digital input-output pins and 6 
analog pins among other pins and it has onboard 32KB 
ROM and 2KB RAM which are adequate for the system. 
The Arduino integrated development environment (IDE) 
was employed to program the Arduino microcontroller. The 
Microcontroller unit monitors the input voltages with the 
current sensor (ACS712), and the voltage sensor (AD205). 
In line with the device datasheet, the current sensor has the 
ability of sensing current between 0 ampere to 30 ampere, 
while the voltage sensor can sense voltage between 0V and 
25V.  

Liquid Crystal Display (LCD): The Liquid crystal display 
(LCD) was used to view all parameters and also the user-
keyed-in data. The selected LCD consists of 16x2 character 
display with eight data pins, three control pins and power 
supply pin. The LCD can be connected in two bits mode (4-
bit or 8-bit), but this work adopted the 4-bit mode. The 
connection of the LCD to the controller is as shown in 
Figure 1, and the LCD is labeled U11. A resistor rated 560 
𝛺𝛺 was connected to the anode of the LCD backlight. The 
essence of this resistor is to prevent the LCD backlight 
from damage due to excessive current. 
 

 
Figure 1  The LCD connected to controller and other component 

 
The WiFi Unit: The WiFi unit was used to transmit the data 
from the sensors to the cloud and it was powered by 3.3 
volts. This module ensured that the system is connected to 
the Internet and the system has access to the cloud. The 
WiFi module employed is ESP8266 WiFi Module which 
has integrated TCP/IP protocol stack for granting the 
microcontrollers access to the WiFi network. More so, the 
ESP8266 WiFi Module enough on-board processing and 
storage capabilities that allows it to be integrated with the 
sensors. During the operation of the system, the signal 
captured by the controller from the sensor is communicated 
to the WiFi which then push it to the cloud upon 
availability of Network. The Arduino serial monitor is used 
for testing and debugging of flow. 
Sensor Units: This unit consists of set of transducers which 
detects the physical state of patient and send the response to 
the controller. These sensor data are also associated with 
the time of the data capture. Hence, the data captured by the 
system are time-stamped temperature, temperature sensor, 
heartbeat sensor and blood pressure sensor. 

Temperature sensor: The sensor used for this purpose is 
DHT 11 & 22 which is also named as AM2302. The 
AM2302 is a digital-output relative humidity and 
temperature sensor that uses capacitive humidity sensor and 
a thermistor to measure the surrounding air, and output a 
digital signal on the data pin. The sensor is endowed with 
four (4) pins; Vcc, Gnd, Data-out, and NC. The Vcc pin 
was connected to the +5v of the power supply; the Gnd was 
connected to the ground of the circuit while the Data pin 
was connected to the digital input of the microcontroller. 
Heartbeat and blood Pressure Sensors:  Heartbeat sensor is 
an electronic device that is used to measure the heart rate or 
the speed of the heartbeat. In this work, the heart rate 
monitor system design was based on Arduino and heartbeat 
sensor. The blood pressure sensor was used to detect the 
body pressure. The components required to setup the blood 
pressure sensor include controller, connecting pins, 220Ω 
resistor, BMP180 Barometric Pressure Sensor, 16x2 LCD, 
and bread board. 
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2.2 The Software design 
The software which is a web application was designed done 
using Model View Controller (MVC) architecture while the 
program was implemented using Visual C#. In the MVC 
architecture, the model represents the shape of the data 
while the class in C# was used to describe the model. 
Again, the view in MVC was used to design the user 
interface which was used to display model data to the user 
and also to modify the data. Also, the controller in the 
MVC architecture handles the user request.    
The system has both firmware and web application. The 
firmware on the Arduino microcontroller enables the user’s 
temperature, blood pressure, heart beat and ambient 
temperature to be displayed on the LCD screen on the 
hardware device of the system.  The web app has 
functionalities and online database that enables the device 
to capture the data on the user’s body temperature, ambient 
temperature, the   user’s heart beat data and the user’s blood 
pressure data and then transmit the user’s dataset as a 
record to the online database where the record is stored 
along with the relevant information about the user.  
 
3. Results and discussion 
The implementation of the development of the 
microcontroller and IoT-based health monitoring system is 
presented in Figure 2. The blue chip shown in Figure 3 is 
used to capture the ambient temperature. The internal 
connectivity of the device before coupling the completely 
device is shown in Figure 4.The LCD on the device ( as 
shown in Figure 2) is used to displace all the data captured 

by the device. That display in Figure 2 is enabled by the 
firmware running on the Arduino microcontroller in the 
hardware of the system. The red button from the right (in 
Figure 3), regulates the transmission of the data via the 
internet connection.  
The device is design to capture data on the fingertip for 
heartbeat and blood pressure using their specific sensors. 
To measure the user’s body temperature, the temperature 
sensor is placed on the user’s armpit and the room 
temperature is also captured at the same time and then the 
LCD is used to displace the data captured from the user. 
When this red button (in Figure 3) is pressed, the user’s 
data captured by the hardware device is uploaded to the 
online database via the Internet connection between the 
system and the web server where the web app and online 
database are hosted. The web app is hosted online with the 
URL toveramedia.com/healthmonitor platfom. 
 
The screenshot of the dashboard for the admin on the web 
app is shown in Figure 5. The web app admin dashboard 
shows that there is module for the doctor, for the patience, 
for the hospital the device is used and for the incidences or 
measurement data records capture with the device. The 
screenshot of the webpage showing the form for capturing 
the patient’s details is shown in Figure 6 while the 
screenshot of the webpage showing the list of patients 
registered on the systems web application is shown in 
Figure 7. Again, the screenshot of the webpage showing the 
time-stamped data record of patients is shown in Figure 8. 
 

 
 

 
Figure 2  The picture showing the complete developed health monitoring system  
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Figure 3  The picture showing another view of the complete developed health monitoring system 

 
Figure 4  The picture showing internal connectivity of the device before coupling the completely device 
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Figure 5. The screenshot of the dashboard for theadmin on the web app 

 
Figure 6. The screenshot of the webpage showing the form for capturing the patient’s details 
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Figure 7. The screenshot of the webpage showing the list of patients registered on the systems web appplication  

 

 
Figure 8. The screenshot of the webpage showing the time-stamped data record of patientes  

 
4. Conclusion 
The development of microcontroller and loT-based health 
monitoring system is presented. The device measure four 
key parameters namely, heartbeat, body temperature, 
ambient temperature and blood pressure. The device has the 
capacity to operate both online and offline. The device also 
makes use of fingertip to capture data such as heartbeat and 
blood pressure while the body temperature sensor is placed 
in the armpit to capture the body temperature data. Some of 
the major components in the device construction are as 
follows ATMega328 microcontroller, ESP8266 WiFi 
module, DHT11, DHT22 sensors module and LCD. The 
device is been calibrated with the existing device in 
ST.LUKE’S HOSPITAL ANUA,P.M.B 1003,UYO AKWA 
IBOM STATE, NIGERIA with the following instruments 
or devices: pulse oximeter CE012 IPx2, manufactured by 
Human Accurate Biomedical Technology Co.Ltd, Body 
Infrared Thermometer DJ-8861 and BP Accoson and Son 
(Surgical) Ltd 5PQ.  
The system has both firmware and web application. The 
firmware on the Arduino microcontroller enables the user’s 

temperature, blood pressure, heart beat and ambient 
temperature to be displayed on the LCD screen on the 
hardware device of the system.  The web app has 
functionalities and online database that enables the device 
to capture the data on the user’s body temperature, ambient 
temperature, the   user’s heart beat data and the user’s blood 
pressure data and then transmit the user’s dataset as a 
record to the online database where the record is stored 
along with the relevant information about the user.  
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