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I. INTRODUCTION 
 

Every today’s processes can be sophisticated on IoT 

approach which includes medical systems which is 

getting more demand along with need of best 

solution for communication quality, data security and 

storage/retrieval efficiency, data analysis and artificial 

intelligence systems for better health care. Here, we 

adopted IoT for healthcare monitoring of pregnant 

women and their fetus who are hospitalized at high-

risk condition.  

 

Basically, the health parameters of a pregnant 

women are in quite elevated state comparing to 

normal body. During labor time or hospitalized 

condition, the parameters may have the chances of 

getting raised to an intolerance level. This results in 

complex situation for both mother and fetus. So, an 

intensive care and observation should be given for 

them by continuously monitoring their health 

parameters and instant treatments should be  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

provided. In earlier practices, the health condition is 

monitored at certain time and at the time of 

emergency call after any elevation on clinical 

parameters which caused delayed analysis of health 

problems that leads to drastic issues to pregnancy. 

So, our proposed work of integrated solution 

attempt to have constant monitor and medical aid 

system protects the pregnancies efficiently and 

effectively. The deep learning technology we use 

here is convolutional neural network (CNN) for 

analyzing visual imagery.  

 

The process is done by one dimensional CNN which 

consists of several layers such as convolutional layer, 

pooling layer, dropout layer, fully connected layer, 

activation functions. It helps in processing the date at 

one dimension and aids in image detection and 

classification. The artificial intelligence detects the 

parameter variation and alerts the system. The think 

speak algorithm we use here helps to save and 

access data in cloud. The effective sensors support 
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the sensing of assigned parameters. The data privacy, 

security, and best accuracy in the proposed work will 

make it a best choice in medical field. 

 

II. PROPOSED FRAMEWORK 
 

The proposed system has a work flow of four steps 

which includes 

 Sensors and devices layer 

 Emergency monitoring subsystem 

 Automatic feature extraction subsystem using 

CNN 

 Prediction subsystem using think speak 

algorithm 

 

 
Fig 1. The flow diagram for the proposed integrated 

solution for healthcare monitoring. 

 

The clinical indicators of mother and fetus are sensed 

by the sensors and devices layer. The sensors and 

other devices are embedded in Arduino uno board 

which provides well-formed support for the storing 

and saving of data. The sensed data are then 

transferred to the cloud. The cloud is used to save 

and access the data when necessary. The Wi-Fi 

module we install transfers the data to cloud. The 

internet gateway established acts as a connectivity 

between the wi-fi module and the cloud. The cloud 

data are stored in the mobile application. 

 
Fig 2. Block diagram for the integrated system with 

IoT, CNN classifier, with help of an artificial 

intelligence for healthcare monitoring. 

 

1. Sensors and Devices Layer: 

The sensors we used are assigned for sensing certain 

parameter such as heart rate of both mother and 

fetus, temperature, oxygen level and blood pressure 

of mother. Different types of sensors are used for 

each type of indications. 

 

2. ECG Sensor: 

The ECG sensor is used to monitor the fetal and 

mother ECG value. We can measure only Fetal Heart 

Rate (FHR) before the birth. So, measuring fetal 

heartrate is an important parameter and which is 

combined with the mother heartrate. The threshold 

level is fixed for fetal and mother for getting the 

classified results. 

 

3. Temperature Sensor: 

The mother’s body temperature is measured by 

using temperature sensor for emergency monitoring. 

Change in temperature for a pregnant-women may 

affect the fetus. So, we considered temperature is 

one of the parameters to be monitored for constant 

maintenance. 

 

4. Oxygen Sensor: 

The pregnant women inhale higher level of oxygen 

and measuring the oxygen level is one of the key 

factors in an ambulance. The gas sensor is used here 

to measure the oxygen level. 
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5. Blood Pressure Sensor: 

To measure the pressure level of mother it is used. 

The blood pressure is measured to know the 

condition of the mother to analyze both systolic and 

diastolic pressures to alert when deviating from 

threshold values. 

 

Table 1. Representation of multiple bio-signals and 

external non-structured output.

 
 

6. Emergency Monitoring Subsystem: 

This layer collects data and process them for analysis 

of health status. The proposed layers developed with 

an automatic diagnostic system of clinical signals 

based on a set of fixed thresholds that are already 

assigned. For the maternal vital signs monitoring, 

after considering all the measures, a group of 6 

features are selected. The calculation was performed 

every second, considering the last 5 seconds, with a 

window of 80% of superposition with the previous 

calculation with the aim to smoothly monitor 

changes in maternal health conditions.  

 

The 6 statistical measures are: arithmetic mean; 

standard deviation; median, third quartile; maximum 

value and minimum value. All the fetal and maternal 

selected features were considered as inputs for the 

CNN prediction subsystem, presented in the 

following section.  

 

A total of 6 classes were considered. The results 

showed that a one-dimensional CNN with 6 

convolutional layers and considering 10 seconds 

windows achieved the best performance, for the 

maternal, fetal and both conditions. The assigning of 

each threshold values and the corresponding 

diagnostic classifications are done based on the 

international guidelines of the Federation of 

Gynecologists and Obstetrics (FIGO) for the fetal and 

maternal parameters. 

 

7. Automatic Feature Extraction Subsystem using 

CNN: 

The third layer is used to extract the features of 

sensed parameters that are compared with the 

threshold level initially set obtained from the above 

subsystem. For the analysis of these vital data, its 

feature extraction is very important. The FHR 

interpretation requires a long-term analysis and FHR 

changes, such as baseline adjustments and long 

decelerations need several minutes to be confirmed. 

So, the measures are calculated for the first time 

after 10 minutes of signal acquisition and updated 

every 5 minutes, always considering the entire 

examination. 

 

8. Prediction Subsystem: 

The last prediction system layer is used to evaluate 

the results for further consultations and treatments 

for the concerned patient. The prediction is 

computed by the use of one dimensional 

convolutional neural network. It analyses the 

obtained data and classifies it according to the 

classes of bio-signals. The set of alternative pooling 

and convolutional layers provides a clear-defined 

output. To simulate the results Think speak algorithm 

is effectively used.  

 

The final results classified are given to the specialists 

for the analysis and required treatments are provided 

to the concerned patients, if there is any emergency 

call. In our proposed work, we attempt to simplify 

the complex structure. The work is proposed with 

low-cost hardware and accurate measurement of 

parameters are done with effective layers of CNN. 

The hardware system assembled for our proposed 

work involves the usage of following components: 

 

8.1 Sensors 

 ECG sensor 

 Temperature sensor 

 Oxygen sensor 

 Blood pressure sensor 

 Arduino UNO Microcontroller Board 

 ESP8266 Wi-Fi module 

 Internet Gateway 

 Cloud Environment 

 

Sensors are an integral part of modern living. A 

sensor is a device that measures physical input from 
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its environment and converts it into data that can be 

interpreted by either a human or a machine. It 

generates an electrical signal or optical output signal 

corresponding to the variations in the level of inputs. 

The Arduino microcontroller board contains an 

Atmega328 microcontroller.  

 

It consists of 14 digital pins and 6 analog pins for 

input/output operations. It can be powered by the 

USB cable or by an external 9-volt battery, though it 

accepts voltages between 7 and 20 volts. It measures 

the sensor readings and categorizes the ECG, Blood 

pressure, Oxygen and temperature. These measured 

values further uploaded in the cloud. To upload the 

sensor data in a cloud environment we required a 

wired/wireless communication module.  

 

The ESP8266 Wi-Fi Module is a self-contained SOC 

with integrated TCP/IP protocol stack that can give 

any microcontroller access to your Wi-Fi network. An 

internet gateway as an optional virtual router that 

connects the edge of the VCN with the internet. To 

use the gateway, the hosts on both ends of the 

connection must have public IP addresses for 

routing.  

 

Connections that originate in your VCN and are 

destined for a public IP address (either inside or 

outside the VCN) go through the internet gateway. 

Here, it gives connectivity support to the internet 

and acts as an intercommunication module to 

connect Wi-fi and Cloud environment. All the 

collected sensor data will be gathered in Cloud 

Environment.  

 

In this work, we using Thing Speak Open-source 

cloud for collecting and analyzing the sensor 

information. The ECG, blood pressure, oxygen, 

temperature sensor values are received and viewed 

through graphically. Every sensor value will be 

uploaded with every 20 seconds. 

 

III. EXPERIMENTAL RESULTS AND 

DISCUSSIONS 
 

In this section, the results of emergency subsystem 

are presented which are then to be worked for the 

feature extraction by using CNN. The final results are 

derived for the analysis of the level of clinical 

parameters for proceeding with the required 

treatments.The fetal and maternal heart rate 

interpretation requires a long-term analysis and FHR 

changes, such as baseline adjustments and long 

decelerations need several minutes to be confirmed. 

 

 
Figure 3: The graph indicating output of combined 

ECG analysis. 

 

Because of that, the measures are calculated for the 

first time after 10 minutes of signal acquisition and 

updated every 5 minutes, always considering the 

entire examination. 

 

 
Figure 4: The graph showing the blood pressure level 

of mother. 

 

The above graph shows the output of measuring the 

blood pressure of the hospitalized mother. The blood 

pressure rate is basically set for normal level of 

120/80 mm Hg. If the level measured exceeds the 

normal rate, then the necessary measures are taken 

for reducing it by the specialist. 
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Figure 5: The graph indicating temperature level of 

the mother. 

 

Through the above graph the body temperature of 

the mother is analyzed. It shows that for every 10 

seconds the temperature level is noted. If the normal 

level increases for above 100F, necessary steps are 

taken. 

 

 
Figure 6: The graph indicating the oxygen level of 

mother. 

 

The air quality inhaled by the mother is monitored 

here. The graph shows the high and low-level intake 

of the oxygen by the mother. According to the 

analysis, required measures are done to provide 

adequate oxygen to both mother and baby. 

IV. CONCLUSION AND FUTURE WORKS 
 

An integrated solution of artificial intelligence, IoT 

and CNN are proposed for the high- risk maternal 

and fetal monitoring along with health subsystems. 

Our work involves less staffing, reduced cost 

monitoring affordable for all class of patients. The 

demand of best accuracy, data privacy, 

communicational capability and handling of data 

traffic can all be met.  

 

The integrated approach results in effective and 

efficient analysis of health status of mother and fetus. 

A quick and instant remedies can be sought out in 

case of emergencies and hence, the risk during labor 

is reduced and lives are saved. Future works can be 

done by using advanced level of CNN and more 

integrating of circuit. The attempts should be made 

for monitoring and extracting other important 

clinical parameters also. The data privacy, data 

accessing from cloud and accuracy can also be 

worked on. Moreover, other AI approaches should be 

considered for the classification module to compare 

performance. 
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