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Abstract

It is important for all pregnant women throughout their gestational period to be able to access information,
services and care by having direct communication with their doctors or their healthcare provider or their
relatives. With the proliferation of mobile devices and the internet it has become very easy to get access to
such information in a quick and efficient manner. There are also several awareness programs which teach
about the right kind of physical activity and food to be followed by such pregnant women. Having access
to such information helps these women identify and prevent any pregnancy related complications or risks
which could lead to issues such as still-birth, pre term labor etc. Women who do not use this information
wisely are likely to be putting their lives as well as the lives of their babies at risk. The main objective of
this paper is to analyse various compound reasons pregnancy related issues and the technologies available

to solve such issues.
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Introduction

With the spurt in the number of mobile devices, the
internet and other communication technologies we now
have a new sector which has emerged in the area of health
care called as electronic health. We are looking at a sector
which has a potential to deliver good quality healthcare
at very low cost combined with a wonderful customer
experiencell as well. It involves the exchange of medical
information such as lab results, medical imaging,
clinical information, prescriptions and dosages, past
patient history to enable remote monitoring and on time
determination of patient health status/critical diseases.
With this technology we can potentially have access to
automated and effective healthcare from anywhere!*! on
the globe with the least use of resources?! and power
even in the most remote of locations where it is difficult
to get in person medical consultation or support. With
computers becoming smaller,networks becoming faster,
mobile devices becoming smarter, reliable and secure,
cost of making such devices decreasing, we are now
provided with a variety of options to monitor our health
remotely and effectively. But all this technology does not
help unless we have a proper network of the healthcare
professionals such as doctors, hospitals, nurses etc

who can be connected with the patients thus enabling
effective interaction between them and also increase the
awareness of health issues/risks which was not possible
before. There can be many types of networks that we
build in our lives which help in this case. Some of the
different networks that include the professional network
of colleagues and customers, social networks which
includes our friends, acquaintances and family networks
that include our close relatives and family members.
The electronic health sector enables connecting these
networks to the network of healthcare professionals to
enable faster, effective health care which can improve
the areas of personal health, child health, geriatric
health etc. These networks can increase the awareness
of patients on the potential health issues/risks and
remediation. This was not previously possible unless
there was a face to face interaction between the patient
and healthcare professionalstl.

Today a very small percentage of pregnant mothers
know about the development status of their babyl®l.
They are not aware of the stages of pregnancy and the
parameters that need to be measured or tracked during
these various stages. They are also not aware of what are
the right foods and the wrong foods to eat during their
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pregnancy. The electronic health sector will allow these
mothers to have access to such data about the various
stages of pregnancy and also allow them to connect
to this network of healthcare professionals to get their
doubts clarified and any emergencies taken care of.
This capability is enabled by the use of Smartphone and
internet which enables this information to be available
at the right place at the right time at the right stage of
development. Having such a connected network also
enables the Hospitals/nursing homes to monitor and
attend to any urgent needs of such pregnant women
which can reduce the delay in taking certain decisions
which can otherwise endanger the lift of the mother and
the baby as well. This will improve the mother mortality
rate and also improve the fetal mortality rate while
improving the general health/survival of the women.

Literature Review: Vyacheslav Shulgin!”! The
problem of premature or preterm birth is a major cause
of baby’s long term morbidity and also a primary cause
of neonatal fatalities as well. The current devices and
method used for monitoring and predicting preterm
births are very inaccurate, invasive, expensive and can
only be used in hospitals/clinical laboratories. One
of the newer method which have been discovered to
improve on this is to analyze the Electrohysterography
signals (EHG) which is measured from the abdominal
region of pregnant women. These signals are said to be
very effective in predicting preterm births. The most
important part of the signals collected is the Conduction
Velocity (CV) which occurs during uterine contraction.
The paper discusses an algorithm which can be used to
estimate the CV based on the space-time processing of
abdominal signals. This algorithm has been formulated
on the basis of actual EHG recordings to estimate the
CV.

YunusSanturl®l, People today use the internet
for almost everything in their life such as collecting
information, socializing with people, being in touch with
family and friends and to handle any official business
as well. In addition to connecting offline to such
professional, personal and social networks a lot more
people are now connected to virtual social networks.
Facebook is the world’s largest social network and has
so many people who are on their network and who have
formed virtual networks with other people/companies
on the same network. There are millions of such social
networks available on various topics which can be
professional, personal, social. Imagine if we could set
up such a social network which would connect pregnant

women with other pregnant women or women who have
been through pregnancy. This network can be used to
share useful information about the various stages of a
babies development, what to eat and not to eat, what
are the risks to be monitored, where to get the right
information/help, when to take regular scans, when to
give vaccinations to the baby, what is the weight/height
at various stages of the baby etc. This would really help
spread the awareness of pregnancy related risk and the
steps to be taken to ensure the wellbeing of both the
mother and the baby.

LingyunWul! Ultrasound (US) images are very
important to monitor the growth of the baby during
the gestational period of a pregnant woman. It helps
determine the size/weight/heart rateetc of the baby based
on which we can determine whether the baby is healthy
or not. It can also help identify abnormalities such as
missing organs, double organs, deformities etc very early
so that the necessary decisions can be taken on whether
to abort the baby or to continue with the pregnancy. In
order to make such critical decisions the quality of the
ultrasound images must be very good. But the process
of getting good quality images is very manual and labor
intensive and all of this can only happen in a hospital/
clinical environment. In order to improve the image
quality, reduce the measurement error, improve the slice
choice and the accuracy of measurement, a new method
was proposed to assess the ultrasound Image quality. This
is accomplished by using the concept of Artificial Neural
Networks. There are 2 custom deep learning models that
were developed denoted as L-CNN and C-CNN. The
former aims to seek out the ROI (Region Of Interest)
which is then used by the latter to evaluate the quality of
the images and assess the details of the required parts of
the body that need to be measured. In order to improve
the performance of the models, we need to complement
the neural network with local features derived from the
original data. More the number of input sources the
better is the quality of the image. This method has also
been evaluated by a group of medical doctors and has
found to be on par with the results from actual doctors.

Nandakishor D Valakundel!?], India has more
number of stillbirths and a higher maternal mortality rate
compared to other developing countries of the world.
It has been determined that a pregnant woman should
make at least four visits to their doctor or their healthcare
provider in order to ensure a safe pregnancy for both
the mother and the baby. The Smart ASHA Pregnancy
Monitoring System [SAPMS] is one such system which



was created to reduce the incidents of maternal mortality
by enabling healthcare providers to reach out to the
pregnant women in the most remote/underprivileged
parts of the world which is made possible by the many
types of mobile devices (smartphones) and the internet.
This system can provide efficient and effective healthcare
to the pregnant women.

Raghav Hari Krishna V SI'!! The most prevalent
reason for perinatal morbidity is preterm birth. In order
to be able to correctly predict preterm we need to collect
a lot of information such as the mother’s height, weight,
gravida or number of pregnancies and para. There is
a model which has been developed which can predict
the risk of pre term. The authors were able to achieve
89.99% accurate results which is very promising. The
model developed can then be used to predict/identify the
women.

Challenges:

e To facilitate a communication network between the
healthcare providers and the patients.

* To facilitate in forming a communication network
between the pregnant ladies and allows them to
exchange their experiences and ideas.

e To facilitate in increasing the awareness around
healthy food/healthy habits to pregnant women.

* To facilitate monitoring using the pregnant woman’s
health status using a wearable smart watch sensor
connected to a mobile application.

*  To facilitate monitoring the fetal movements using a
sensor belt which can count the number of kicks.

*  To facilitate delivering medical services to clinics in
remote areas which are not accessible for in person
consultation/support.

Health Care Monitoring Systems For Pregnant
Women:

Health Care provider unit: This unit consists of
a mobile application and also a web application using
which doctors/nurses/healthcare providers can interact
with their patients and diagnose any issues remotely.
The healthcare providers can also use this network
for creating awareness and to schedule any follow ups
required. This unit creates a private social network
which can be used to only connect the doctor/healthcare
provider directly to the pregnant woman. This network
can also be used to connect this unit to other pregnant
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women so that they can interact with and understand
from each other. Doctors/healthcare providers can also
post messages, images, videos etc which can then be
used to create awareness with pregnant women using
mobile application/SMS. In order to prevent incorrect
diagnosis or unwanted images from being stored, there
should exist a capability to be able to delete any incorrect
images/files etc. This system will also provide full access
to the pregnant woman’s profile, history of treatments
etc to enable giving the right support. The unit can also
measure information about the physical activity of the
mother and child using a wrist bond and also include the
physical activity of the baby by measuring the number of
kicks of the baby using a body touch sensor.!'?!

Wearable Technology and Smartphones to
Monitor Hypertension during Pregnancy: The authors
talk about being able to use wearable devices!!) such as
smart watches, wrist bands etc to measure, monitor and
control hypertension during pregnancy which often leads
to complications such as preeclampsia which can cause
complications such as pre-tirm, still birth, miscarriage
etc. By using this technology we can ensure that patients
are engaging in healthy activities in turn reducing the
costs associated with fetal and maternal health problems.

In addition to using wearables, we can also use
smartphones!?’! to do the similar kind of monitoring.
Today smartphones have become very versatile and
have several sensors such as heart rate sensor, blood
pressure sensor, fingerprint sensor etc which can be
used to measure the required parameters of the pregnant
woman. The data collected from the smartphones can
also be used to perform analysis of the health status and
share the same with the healthcare provider remotely.

Measuring Uterine Contractions using On Body
Sensors: This paper proposes a cost effective system
to monitor the risks of premature labor in pregnant
womenl?!l | As per their research premature birth is the
most important reason for deaths of children before the
age of 5 or even if they survive they will have issues
such as hearing disability or loss of vision or mental
instability. Their system works by measuring uterine
contractions using a non-invasive body sensor which
is then connected to a smartphone which will send an
intimation/alert to a doctor/family member in case of
emergency so that they can take care of the same.

Fetal Remote Monitoring System: This paper
proposes a method to remotely monitor the status of
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pregnant women using several sensors which can be
used to measure the below parameters.

* Heart Rate

¢ Abdominal Breathing

* Blood Pressure

*  Fetal Movement Data

*  Mother Movement Data
*  Temperate of Mother

The parameters above can be measured by using
non-invasive body based sensorsi??l. The data from
these sensors are collected, analysed and compared with
previously collected data to determine the status of the
mother/fetus. Based on the status the doctor/healthcare
professional can take the required action.

Cloud Based HealthCare System: This paper
proposes a cloud based infrastructure to collect and store
electronic health records of patients which can then
be used to perform analysis using machine learning to
determine the status of the patient being monitored(®*].
The data in the cloud can be collected either in real
time from sensors worn by the patient or can also be
collected from the health records of the patient shared
by the hospital or by data collected in the past for the
same patient. The information collected from the sensors
are raw data which must then be processed to derive the
right kind of information.

Intelligent Assistant for Pregnancy: This system
enables remote monitoring!'?! of pregnancy related
risks which is essential for women who are unable to
get access to proper healthcare during their pregnancy
which can result in complications such as preterm/still-
birth. The intent of this system is to monitor the health
status of the pregnant woman using a network of on
body non-invasive sensors connected to the internet. The
data collected from these sensors is placed into a central
repository. This information can then be compared to
the previous information collected for the same patient
and also information collected from other patients to
determine whether the health status of the pregnant
woman is fine or not. By using the internet this system
helps connect the pregnant women to their doctor/
healthcare provider or family members to provide
assistance during various stages of pregnancy. This
network enables us to get real time suggestions from the
doctor/healthcare provider. This system incorporates a

lot of personalized information which is useful for the
pregnant women such as the stages of delivery, due
date, personalized diet recommendations etc. it can also
track the weekly progress and any abnormalities in the
pregnancy.

The system works by having doctors/hospitals/
patients register themselves to a network. The pregnant
women have sensors/smartphones to measure critical
parameters such as temperate, heartrate, blood pressure
etc. The information collected is then stored in a cloud
over the network. This information can then be analyzed
using machine learning algorithms to determine the health
status of the pregnant woman. This information can then
be shared with the doctor/healthcare professionals or
family members to identify any complications or risks
based on which some urgent action needs to be taken. The
information collected during registration of the patient
would include the previous health details, previous scan
results, any medications currently being consumed, any
known family history, any known allergies etc. This
information is very important to determine the health
status and also for a doctor to understand the reasons
behind a particular health status and to prescribe the
right medicine for the same. This system will also be
able to communicate the information collected regularly
over the gestational period to their doctor, healthcare
provider or family member either through mobile app
based notifications or using SMS (Short Messaging
Service). It can also send reminders of health checks/
scans etc. All of this will enable a pregnant woman to
have access to the right information at the right time
and thus prevent any pregnancy related risks that would
normally have occurred due to the lack of awareness of
the same.

Conclusion

It is important for all pregnant women throughout
their gestational period to be able to access information,
services and care by having direct communication
with their doctors or their healthcare provider or their
relatives. With the proliferation of mobile devices and
the internet it has become very easy to get access to such
information in a quick and efficient manner. This paper
provides a summary of all such systems which exist to
help provide such information to a pregnant woman in
the most simple, cost effective manner.
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