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Abstract: In the present work, we have designed a health 

monitoring system based on Node MCU to monitor temperature, 
heart rate and oxygen saturation level (SpO2) signals, sensed by 
respective sensors. The necessary signal conditioning circuits 
have been designed in our laboratory using off-the shelf 
electronic components. A Data acquisition system has been 
designed using ESP 32 Node MCU. The designed system is a 
low-cost alternative to the commercially available USB controller 
based health monitoring systems. Firmware has been developed 
and deployed into the Node MCU using arduino IDE. The 
acquired data has been displayed on OLED display. The result 
shows maximum errors in the measured parameters within 2%. 
The designed system helps to achieve portability, high 
functionality and low cost which makes it an easy accessible tool 
for public, hospital, sports healthcare and other medical 
purposes. 

 
   Keywords: Temperature, heart rate and SpO2, Data 

acquisition system, Node MCU, USB controller, OLED display 

I. INTRODUCTION 

Innovations in Electronics have deeply percolated in 

our everyday life, and the medical field is not a special case. 
With growing public concern and government demands for 
reforms [1], in the online monitoring devices, the need for 
well equipped hospitals and diagnostic centers are increasing 
continuously due to more awareness of people about their 
health.  More than 1.8 million patients in India pass on due to 
heart illness out of which 42.7% die while transit to 
diagnostic center due to absence of appropriate checking in 
the vehicle carrying the patient. Hence, the improvement of 
Health monitoring systems plays major role in modern day 
life [2]. Health care monitoring systems which monitor the 
patient’s health continuously and transmit the vital data to 
the doctors or hospitals are in great demand. Such 
monitoring and diagnostic devices are mainly used in 
hospitals for the examination of patients [3].  Heart rate, 
Oxygen saturation level (SpO2) and temperature are the three 
basic parameters which are routinely monitored by the 
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medical experts to get the state of human health. Heart rate 
was in the past estimated by setting the thumb over the blood 
vessel throb, and counting the pulses usually in a 30 second 
period.  Heart rate was then found by multiplying the 
obtained number by 2. This method although simple, is not 
an exact and can give blunders when the pulse rate is high 
[4]. ECG is one of the as often as possible utilized and exact 
methods for measuring the heart rate. But ECG is not an 
affordable method for poor people [5]. The heart rate of a 
healthy adult at rest is around 72 beats per minute (bpm). 
Athletes ordinarily have more heart rates than less dynamic 
individuals. Infants have a much higher heart rate at around 
120 bpm, while older have heart rates at around 90 bpm. 
Heart rate varies significantly between individuals based on 
wellness, age and sexual orientation [6].        On the other 
hand, the percentage of arterial blood saturated with oxygen 
helps to decide the viability of a patient’s respiratory system. 

In prior days, SpO2 was estimated by taking samples of 
blood and measuring O2 levels legitimately. This method 
was invasive and was not able to give online estimation. 
Because of this, SpO2 was not perceived as a significant 
measure of wellness until a non-invasive method of 
measuring it in real-time (pulse oximetry) was established 
[7]. Based on measuring the absorption of red and infrared 
light that passes through a patient's finger or ear lobe using 
light sensors. The normal acceptable ranges of SpO2 are 
from 95 to 100 percent. The allowable range of SpO2 for 
patient having hypoxic drive problem lies between 88 to 92 
percent [3]., [8]. Due to its non-invasive nature, high 
accuracy, and sensible cost, optical pulse oximeter are 
widely adopted as a standard patient monitoring techniques.         
Temperature is a measure of the degree of heat intensity. 
Human body temperature is an expression of its molecular 
excitation. Body temperature is maintained through a 
balance of the heat produced by the body and the heat lost 
from the body.  Body temperature likewise differs from 
individual to individual for the duration of the day. The body 
temperature is seen as lowest in the early morning while it is 
highest during the early night, so It is important to seen the 
progressions routinely [9]. Peoples are homoeothermic and 
body temperature is regulated at about 37ºC ±1ºC. The 
fundamental purpose behind looking at body temperature is 
to hunt for any indication of foundational disease or 
inflammation in the presence of a fever. Temperature 
depression needs to be evaluated. It is also important to 
review the pattern of variations of the patient's temperature. 
A patient with a fever of 38 °C does not really give 
threatening indication, if his past temperature has been 
higher. Monitoring human body temperature comes under 
preliminary clinical examination [10]. 
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In the present work, we have designed portable, low 
cost device that monitor various biomedical signals like 
heart rate, SpO2 and body temperature. 

II. EXPERIMENTAL 

Figure 1 shows the functional block diagram of the proposed 
Health monitoring system. The system is built around Node 
MCU ESP 32 along with temperature sensor DS18B20, 
Pulse oximetry sensor MAX 30100 and 0.96ʺʺ OLED 
display.  
 

 
           Fig. 1: Block Diagram of the System 

 
2.1. Node MCU (ESP32) Microcontroller (ESP32) 
  ESP 32 is low cost, low power system on chip 
microcontroller with integrated Wi-Fi and dual mode 
Bluetooth. Controller (ESP32) is created and intended for 
wearable electronics, cell phones and internet of things 
(IOT) capacities. It provides the features of low power 
consumption. ESP32 controller is awaken from time to time 
when a specific condition is recognized. Low duty cycle is 
used to reduce the utilization of energy that the chip 
dissipates. It is basically designed to satisfy the better power 
and RF generation, performance robustness, power 
utilization, reliability in a huge basis of acquisition, power 
scenes and flexibility. 
 

 
Fig.2 ESP 32 Node MCU 
 

2.2. Temperature Sensor (DS18B20) 
DS18B20 digital temperature sensor gives 9 bit to 12 bit 

Celsius temperature estimations and gives indication with 
fixed user programmable higher and lower trigger points. 
Sensor interface with single wire bus that according to 
definition needs just a single data line for correspondence 
with a main processor. Likewise, this sensor can get power 
directly from the data line ("parasite control"), which 
eliminates the requirement of external power supply. Each 

DS18B20 has a one of a kind 64 bit sequential code, which 
enables numerous DS18B20s to work on a similar 1-Wire 
bus. In this way, it is easy to use one microcontroller to 
control various DS18B20s distributed over an enormous 
zone. Applications that can profit by this element 
incorporate environmental controls, temperature monitoring 
systems inside equipments, process monitoring and control 
systems. 

 
Fig.3 Temperature sensor 

 
2.3. Pulse oximetry and Heart rate sensor  

 MAX30100 is incorporated with pulse oximetry and heart 
rate sensor framework arrangement intended for the 
requesting prerequisites of wearable gadgets. It consolidates 
two LEDs, a photodetector, optimized optics, and low noise 
anolog signal processing to recognize SpO2 and heart rate. 
MAX30100 works from 1.8V and 3.3V power supply and 
can be powered down through programming with 
insignificant standby current, allowing the power supply to 
stay associated consistently. MAX30100 provides 
exceptionally little absolute arrangement size without 
sacrificing optical or electrical performance. Minimum 
external hardware components are required to design 
portable device. MAX30100 is completely configurable 
through programming registers, and the digital data is stored 
in a 16 deep- FIFO register inside the sensor. The first in first 
out register enables sensor to be associated with a controller 
on a shared bus, where the information isn't being read 
continuously from the device registers. 

 
Fig.4 Pulse oximetry and Heart rate sensor 

2.4. OLED: 
 OLED (Organic Light-Emitting Diode) is a self 

light-emitting innovation made out of a thin, multi-layered 
organic film placed between an anode and cathode. 
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 In comparison with LCD innovation, OLED does not 
need a back illumination which provides better contrast in 
dark environment.  

This altogether decreases the power required to run the 
OLED and is the reason the presentation has such high 
differentiation, very wide viewing angle and can show 
profound dark levels. OLED has high application potential 
for basically wide range of displays and is viewed as 
definitive innovation for up and coming age of flat-panel 
displays. OLED has four pins and speaks with any 
microcontroller utilizing I2C correspondence convention.. 
Due to I2C communication it provide simple connection 
between microcontroller and OLED.  

                 
Fig.5 OLED 

2.5. Power Supply 
There are three parts that need the power supply association. 
One is simply the Node MCU and other two are the sensor 
modules communicating with the Node MCU. It's quite 
straightforward in build simply required two distinctive 
yield voltages that is 5 volt and 3.3 volt, or else we can 
simply give 5.0 volt to the Node MCU and give 3.3 volt to 
the sensors from the Node MCU breakout board. 

III. PROPOSED SYSTEM 

 System has been constructed using above hardware 
components.  Sensors cannot be directly interfaced with 
Node MCU, Hence there is need to connect some passive 
components externally for use with Node MCU. DS 18B20 
temperature sensor is prepared in parasitic mode by 
connecting 4.7KΩ resistance between power source and data 

line which eliminates the need for external power supply. 
Similarly MAX 30100 prepared for use with Node MCU by 
removing three 4.7 KΩ resistances of breakout boards. The 

three 4.7 KΩ resistances are connected externally between 
SCL, SDA, INT with respect to 3.3V. Arduino is an open 
source platform used for developing this electronic system. 
Appropriate libraries for both the sensors and OLED has 
been downloaded from online sources. Code is developed in 
Arduino platform and uploaded into the Node MCU. Now 
sensors have been connected to the subjects and data 
displayed on OLED display. A complete designed prototype 
is shown in fig. 6. 
 

 
       Fig.6 System Prototype 

IV. RESULTS AND DISCUSSION 

The designed system has been tested in the hospital for 
clinical trials on 25 subjects of different age groups. 
Comparison between commercially available and designed 
system for monitoring Heart rate, SpO2 and Temperature has 
been done. The performance of system is satisfactory. The 
system is compact, portable and user friendly. This system is 
applicable for family, hospital centers, community medical 
treatment, sports healthcare and other medical purposes.  

V. CONCLUSION 

A Node MCU based portable Health Monitoring system is 
designed to measure Heart rate, SpO2 and temperature. The 
system is cheaper due to home monitoring of patients at 
home as compared to the expensive workplaces. Results 
from designed system are quite impressive as compared to 
those standard commercially available systems. However 
accuracy could be improved by using high quality sensor IC 
with much better S/N ratio and better peak detection 
algorithm. The system can also be designed to alert a person 
for indication of some abnormalities. The person who has no 
technical knowledge can also operate this device.  
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