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Abstract - The healthcare monitoring is one of the important domain in medical field which involves continuous monitoring 
of health parameters from the patients. Neonatal Intensive Care Unit (NICU) is a dedicated area which is used to take care of 
sick and premature neonates. Baby neonatal Incubator is a closed apparatus used for providing a controlled environment in 
all the possible ways for the immense care of premature babies. There are various health parameters such as oxygen level, 
temperature, pulse level, respiration pattern which need to be monitored in order to ensure good health of the neonates. 
Conventional approaches of baby monitoring in incubators does not efficiently provide real-time parameter updates and 
requires constant monitoring of baby through the presence of nurses or doctors. Hence, modern technologies must be used in 
order to track health of infant in the incubator and get updates in any unfavorable condition. The proposed method uses 
Internet of Things for continuous monitoring of the parameters such as temperature, humidity, Pulse rate of the neonate, gas 
leakage and light intensity in the incubator. If these parameters exceed from the threshold level, an alert message will be sent 
to the doctor or to the desired medical person via e-mail or SMS. This system is capable of updating the parameters 
continuously in the cloud and also avoids continuous monitoring of the neonates by the person. 
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I. INTRODUCTION 
 
The current technological development is a boon for 
various healthcare services in day to day life, which 
helps in remote monitoring of health parameters from 
the patients. A Neonatal Intensive Care Unit (NICU), 
also known as an Intensive care nursery (ICN), is 
an intensive care unit specialized in the care of ill or 
premature newborn infants. This unit monitors the 
vital parameters of the child by using sensors. 
 
Neonatal Incubator is self-contained unit in NICU 
which ensures the ideal environmental conditions for 
the neonates. This also protects the infant from 
infection, allergens, excessive noise or light that can 
cause harm. It can regulate air humidity and 
temperature to maintain the integrity of skin of the 
neonates. 
 
Neonatal mortality in India accounts for nearly 50% 
of infant mortality. The prominent reason for this is 
lack of neonatal monitoring facilities in small villages 
and towns and due to improper monitoring methods. 
These factors have lead to the death of new born in 
many situations. In current method the nurse or a 
doctor need to attend periodically to the newborns 
and it is a time consuming process. 
 
To avoid this, the proposed system allows live 
monitoring of the parameters over the Internet which 
improves the quality of information in the neonatal 
healthcare. 
 
II. PROPOSED SYSTEM 
 
In the proposed system the various parameters like 

temperature, humidity, light level in the incubator, 
gas leakage and pulse level of the child are monitored 
over the Internet. If the monitored data reach the 
threshold level, this will be indicated to the doctor, 
nurse or any concerned person through e-mail or 
SMS. The Internet of Things offers a concrete 
platform to connect all the resources and helps to 
improve the quality of life. 
 
A .  Block Diagram of Proposed System 
 

 
 

Fig. 1 Block Diagram of the proposed System 
 
B.  Temperature and Humidity sensor module 
The neonatal incubator should be maintained at 
appropriate temperature and humidity levels. These 
two parameters can be sensed by using DHT11 
sensor. The DHT11 Temperature and Humidity 
sensor features a temperature and humidity sensor 
complex with a calibrated digital signal output. 
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Fig. 2 DHT11 sensor module 

 
1)  Sensing components of the sensor: For 
measuring temperature, this sensor uses a NTC 
temperature component or Thermistor. A thermistor 
is actually a variable resistor that changes its 
resistance with the change in temperature. This is 
made by sintering the semiconductive materials such 
as ceramics or polymers in order to provide larger 
change in the resistance with just small changes in 
temperature. The term “NTC” refers to “Negative 
Temperature Coefficient”, which means that the 
resistance decreases with increase in the temperature. 
 
On the other hand, for measuring humidity this sensor 
uses the humidity sensing component which has two 
electrodes with moisture holding substrate between 
them. So, when the humidity varies, the conductivity 
of the substrate change or the resistance between 
these electrodes changes. This change in resistance is 
measured and processed by the IC which makes it 
ready to be read by a microcontroller. 
 
2) Communication process: When MCU sends a 
start signal, DHT11 changes from the low-power-
consumption mode to the running-mode, waiting for 
MCU to complete the start signal. Once it is 
completed, DHT11 sends a response signal of 40-bit 
data that include the relative humidity and 
temperature information to MCU. Users can collect 
(read) these data. Without the start signal from MCU, 
DHT11 will not give the response signal to MCU. 
Once data is collected, DHT11 will change to the 
low-power-consumption mode until it receives a start 
signal from MCU again. 
 
3) Temperature reduction process: If the measured 
temperature and humidity values are high, the cooler 
should be turned on to reduce the surrounding 
temperature level in the incubator. Fans with 
temperature-controlled speed have particularly quiet 
cooling characteristics, they adapt their speed to the 
current cooling requirements. The temperature sensor 
provides the fan with thermal information, either 
externally via an exposed wire or integrated into the 
hub of the fan. In our project, a 12V 10W DC axial 
fan is used to demonstrate the cooling process. Here, 
whenever the temperature level sensed by DHT11 
exceeds 33°C, the DC axial fan is turned on 
automatically and is turned off when temperature 
reduces to the normal level. 

C. Gas sensor 
The incubator will have continuous supply of oxygen 
and other supporting gases. There may be presence of 
some toxic gases which may cause threat to the life of 
neonates. Hence, the gas detectors are used to detect 
toxic gases. In the proposed system the MQ6 gas 
sensor is used to detect the harmful gases which 
might present inside an incubator. 

 
Fig. 3 Gas sensor 

 
Sensitive material of MQ-6 gas sensor is SnO2, 
which has lower  conductivity  in clean air.  When  
the target combustible gas exists, the sensor’s 
conductivity becomes high along with the rise in gas 
concentration. MQ-6 gas sensor has high sensitivity 
to Propane, Butane, LPG and also to Natural gas. The 
sensor can also be used to detect the combustible gas 
like Methane. Resistance value of MQ-6 is different 
to various kinds and various concentrations of gases. 
The MQ-6 can detect gas concentrations anywhere 
from 200 to 10000ppm. 
 
1) Description and working: Whenever a gas 
interacts with this sensor, it is first ionized into its 
constituents and is then adsorbed by the sensing 
element. This adsorption creates a potential 
difference on the element which is conveyed to the 
processor unit through output pins in form of current. 
 
The sensor requires two voltage inputs, heater voltage 
(VH) and circuit voltage (VC). VH is used to supply 
standard working temperature to the sensor and it can 
adopt 5V DC or AC power, while VRL is the voltage 
of load resistance RL which is in series with sensor. 
RL is adjustable and usually the range is between 20k 
and 200k. VC supplies the detect voltage to load 
resistance RL and it can adopts DC power which is 
less than or equal to 24V. 

 
Fig.4 Wiring diagram 
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2) Solenoid valve: Whenever a toxic gas is detected, 
the supplying gas valve should be closed 
automatically to ensure safety conditions and to avoid 
fire accidents caused through leakage. This can be 
achieved by using solenoid valve. A solenoid valve is 
an electromechanically controlled valve. It helps to 
control the flow of liquid or gas. 
In our project a 12V, 500mA DC solenoid valve is 
used to demonstrate this process. It is normally closed 
2X2 inline straight having two ports and one orifice 
with inlet and outlet size of 1/2" BSPM. The 
normally closed solenoid valve is one type which is 
used to control the flow of gas. When this valve is not 
powered, the plunger is down, effectively sealing the 
valve and preventing the flow of liquid or gas. Once 
the normally closed solenoid valve is powered or 
energized, the magnetic field causes the plunger to 
rise. This unseals the valve and allows the flow of gas 
to pass through. Hence, the solenoid valve can be 
effectively used to control the flow of gases in the 
incubator. 

 
Fig.5 Solenoid valve 

 
D.  Light sensor module 
The incubator should be maintained at an optimum 
light level. In the proposed system, the LM393 
Photosensitive Light-Dependent Control Sensor 
Module is used to detect the light intensity. It has a 
LM393 voltage comparator with a mounting screw 
hole and an LDR detector. The working voltage is 3. 
3 V to 5V and the output is digital switched. Since 
this module is sensitive to light it is usually used for 
detecting the ambient brightness and light intensity. 
 

 
Fig.6 Light sensor module 

 
1) Light Dependent Resistor: A Light Dependent 
Resistor (LDR) or a photo resistor is a light sensitive 

device whose resistivity is a function of the incident 
electromagnetic radiation. They are made up of 
semiconductor materials having high resistance 
which is placed on an insulating substrate like 
ceramic. The material is placed in a zigzag shape in 
order to get the required power rating and resistance. 
A light dependent resistor works on the principle of 
photo conductivity. Photo conductivity is an optical 
phenomenon in which the material conductivity is 
increased when light is absorbed by the material. 
 

 
Fig.7 LDR Characteristics 

 
E.  Pulse sensor 
Pulse rate estimation is an indirect measurement of 
heart rate. The normal pulse rate ensures the normal 
working condition of the cardiac system. The pulse 
rate can be measured by using pulse sensor. Pulse 
sensor is a well-designed plug-and-play heart rate 
sensor. The sensor clips onto a fingertip or to earlobes 
and plugs right into MCU unit with some jumper 
cables. It essentially combines a simple optical heart 
rate sensor with amplification and noise cancellation 
circuitry making it fast and easy to get reliable pulse 
readings. 
 
The front of the sensor is the side that makes contact 
with the skin. On the front side a small round hole is 
present, which is where the LED shines through from 
the back and there is also a little square just under the 
LED. The square is an ambient light sensor, exactly 
like the one used in cell phones, tablets and laptops to 
adjust the screen brightness in different light 
conditions. The LED shines light into the fingertip or 
earlobe or other capillary tissue and sensor reads the 
light that bounces back. The back of the sensor is 
where the rest of the parts are mounted. The fig 
shows the front side and back side of the pulse 
sensor. 
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Fig.8 Front side and Back side of pulse sensor 
 
F. ESP8266 Node MCU module 
Node MCU is an open source IOT  platform. It 
includes firmware which runs on the ESP8266 Wi-Fi 
SoC from Espressif Systems and hardware which is 
based on the ESP-12 module. The term "Node MCU" 
by default refers to the firmware rather than the dev 
kits. The firmware uses the Lua scripting language. It 
is based on the eLua project and built on the Espressif 
Non-OS SDK for ESP8266.The Development Kit 
based on ESP8266, integrates GPIO, PWM, IIC, 1-
Wire and ADC all in one board. 

 
Fig.9 Node MCU 

 
1) Introduction to ESP8266EX:  ESP8266 is highly 
integrated wireless SOCs, designed for space and 
power constrained mobile platform designers. It 
provides unsurpassed ability to embed Wi-Fi 
capabilities within other systems or to function as a 
standalone application with low cost and minimal 
space requirement. The module supports standard 
IEEE 802.11 b/g/n agreement, complete TCP/IP 
protocol stack. Users can use the add modules to an 
existing device networking or building a separate 
network controller. 
 
ESP8266EX offers a complete and self-contained Wi-
Fi networking solution, it can be used to host the 
application or to offload Wi-Fi networking functions 
from another application processor. When 
ESP8266EX hosts the application, it boots up directly 

from an external flash. In has integrated cache to 
improve the performance of the system in such 
applications. Alternately, serving as a Wi-Fi adapter, 
wireless internet access can be added to any micro 
controller based design with simple connectivity 
(SPI/SDIO or I2C/UART interface). ESP8266EX is 
among the most integrated Wi-Fi chip in the industry. 
It integrates the antenna switches, RF balun, power 
amplifier, low noise receive amplifier, filters and 
power management modules. It requires minimal 
external circuitry and the entire solution, including 
front-end module are designed to occupy minimal 
PCB area. 
 
ESP8266EX also integrates an enhanced version of 
Tensilica’s L106 Diamond series 32-bit processor, 
with on-chip SRAM, besides the Wi-Fi 
functionalities. ESP8266EX is often integrated with 
external sensors and other application specific 
devices through its GPIOs. Espressif System’s Smart 
Connectivity Platform (ESCP) demonstrates 
sophisticated system-level features which include fast 
sleep/wake context switching for energy-efficient 
VoIP, adaptive radio biasing for low-power 
operation, advance signal processing, spur 
cancellation and radio co-existence features for 
common cellular, Bluetooth, DDR, LVDS,LCD 
interference mitigation. 
 
ESP8266EX is embedded with Tensilica L106 32-bit 
micro controller (MCU), which features extra low 
power consumption and 16-bit RSIC. The CPU clock 
speed is 80MHz. It can also reach a maximum value 
of 160MHz. ESP8266EX is often integrated with 
external sensors and other specific devices through its 
GPIOs. 
 
G. Software explanation 
Arduino has an important contribution to the open 
source hardware community and act as an entry point 
for majority of people into the world of circuits and 
processors. We can use the Arduino IDE to build 
ESP8266 applications. One of the key attractions 
about the Arduino is the relative low complexity  
feature allowing everyone, the ability to build 
something quickly and easily. In addition to 
providing a C language editor plus tools to compile 
and deploy, the Arduino IDE provides pre-supplied 
libraries of C routines that hide complex 
implementation details. 
 
H. Real time monitoring using IOT 
Patient record statistics have always been significant 
in the healthcare ecosystem. The concept of 
healthcare IOT entails the use of electronic devices 
that capture or monitor health data and are connected 
to a private or public cloud, enabling them to 
automatically trigger certain events occurring in the 
patient’s body. 
The Internet of Things (IOT) is one of the major 
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technological trend at the moment. The idea behind 
the Internet of Things is to have every object from 
our everyday lives connected to the Internet. This will 
allow objects to continuously send data to the web 
and to be accessible from anywhere. It will also allow 
objects to interact directly with each other. This is 
called Machine To Machine communication or M2M. 
 

 
 

Fig. 10 IOT Environment 
 
 
By 2020 connected devices across all technologies 
will reach to  20.6  billion.  The  demand  for  
connected  devices  spans multiple industries 
including the retail, energy, automotive and 
education. The users nowadays are accustomed to a 
higher level of convenience, efficiency and 
automation and there comes the need for 
implementing IOT for healthcare in the current state 
of architecture. Likewise IOT is enabling the 
healthcare industry to offer smart treatment to the 
patients. Presently, the percentage of IOT devices 
found in healthcare is 30.3%. The predicted global 
worth of IOT in healthcare will be $2.5 trillion by 
2025. 
 

 
 

Fig.11 Communication process in IOT 
 
In the proposed work, after getting the values from 
various sensors we need to upload data to the cloud 
via Wi-Fi. To do so we can use a service called 
ubidots, which is used to store the data online via a 
very simple API. The data will be continuously 
monitored in the cloud and the message will be issued 
in any hazardous situation via e-mail, SMS etc. Thus 
monitoring these parameters over the cloud will avoid 
the continuous monitoring by the doctor. This system 
enable the doctors to access real-time health data and 
allow them to monitor their patients on a regular 
basis. As a result, the illnesses get treated at the 
starting stage. Automated workflows and accurate 
data minimize the errors, giving out the best patient 

outcome. 
 
RESULTS 
 

 
Fig.12 Overall hardware 

 

 
Fig.13 Live Monitoring of parameters in the Internet 

 

 
Fig.14 Parameters monitored at Back end 

 
Fig.15 SMS sent to mobile phone 
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Fig.16 Message received in E-mail 

 
CONCLUSION 
 
According to ‘Mobi Health News’, by 2020 about 4 
million patients around the world will be remotely 
monitoring their health through IOT. WHO expects 
that within next 30 years, more than 2 billion 
population will be more than 65 years of age 
expanding space for growth in healthcare IOT 
ecosystem. We are still on the runway and are yet to 
experience a lot of advancements in the healthcare 
industry, which IOT practitioners have been 
seamlessly preparing for. 
 
The only disadvantage of using IOT is risk of losing 
privacy. As devices from different manufacturers will 
be interconnected, the issue of compatibility in 
tagging and monitoring increases. The IOT is a 
diverse and complex network. Any failure or bugs in 
the software or hardware will have serious 
consequences which need to be resolved. 
 
By overcoming some of the limitations, IOT offers a 
great platform for real time monitoring of parameters 
from the patients and also it improves the quality of 
information in healthcare monitoring. 
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