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Abstract

Typically, routine prenatal care includes several in-person visits with healthcare professionals by pregnant
women, where fetal and maternal assessments are performed. This paper proposes an architectural framework
for prenatal care using non-invasive, simple, and low-cost internet of things (IoT) monitoring system. The aim is
to design an loT-based architecture that serves as a fundamental system for self-imperative care in regular
pregnancy check-ups in the comfort of the home that offers routine prenatal screening tests. The system provides
easy access to care regardless of the location and internet availability. We implemented preliminary architecture

with simulated sensor data for blood pressure monitoring.
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1 INTRODUCTION

Maternal health is women's health condition during
pregnancy, childbirth, and the postpartum period. Nearly
295,000 women died of pregnancy-related causes in 2017,
84% occurred in developing countries due to the lack of
care and awareness [1]. The major causes of maternal
mortality and morbidity are infection, hemorrhage, high
blood pressure, and obstructed labor [2]. Moreover,
hypertension is common in women during pregnancy,
leading to multiple deaths worldwide. Chronic
hypertension is another disorder, known as preeclampsia
(that in severe cases may cause eclampsia), that occurs in
approximately 3% to 5% of pregnant women in the
developed world, causing severe injury or death [3].
Preeclampsia, in particular, has been found to lead to
maternal and fetal mortality, intrauterine growth restriction,
and preterm birth [4]. Prenatal care provided to pregnant
women has reduced the rate of stillbirth, maternal
mortality, and neonatal death [5-10]. Moreover, prenatal
care includes several visits to HCPs by pregnant women for
fetal and maternal assessment. A minimum of eight
prenatal visits to HCPs is recommended by the World
Health Organization (WHO) [11] for a healthy pregnant
woman, and more visits for those having risks and
complications [11]. Typically, physical examinations such
as fetal heart rate monitoring, blood pressure monitoring,
weight checks, fundal height measurements, and urine tests
are performed during each routine prenatal visit, including
nutrition and exercise planning [12]. Further, based on the
stage of the pregnancy, some visits include additional
physical examinations such as blood tests and ultrasound
imaging to diagnose the risks that may affect the mother
and the fetus (such as gestational diabetes and hypertensive
disorders) [12]. As the increase in gestational age increases
the risk of obstetric complications, the visits to HCPs are
more frequent in higher gestational age [13].

Since early detection of pregnancy complications with
regular checkups and monitoring can lead to a healthier
birth, the development of information technology that is
readily accessible and is able to provide up-to-date health
status during the pregnancy is vital. Moreover, the
advancements in technology have transformed healthcare
delivery. Notably, the 10T exploited various sensing and
communication infrastructures that offer data collection,
transmission to the remote servers, and analysis and
providing feedback, which is well-accepted in the
healthcare sector [14]. Increased digitalization in the health
care sector and the COVID-19 pandemic have underlined
the need to implement accessible care for pregnant women,
regarded as a sensible population [15].

Meanwhile, several techniques based on 10T have been
developed to remotely monitor pregnant women's medical
conditions to address these concerns. A secure loT-based
pregnancy monitoring system is proposed in [16], where
three sensors - temperature sensor, memes sensor, and
heartbeat sensor - were used to monitor pregnant women's
health status. The system operates with a Wi-Fi module
interface. The method in [17] remotely monitors the health
of pregnant women and provides data visualization for their
health care provider. The use of the internet allowed the
visualization of sensor data by the healthcare professionals
and permitted remote consultation with the pregnant
women. A smartphone application is used in [18] that
monitors and transmits heart rate sensor data, eating habits,
and activity levels of pregnant women. In addition, it
provides a medium to communicate remotely with
healthcare professionals regarding pregnhancy and health
status. The approach in [19] presents a mobile monitoring
system to identify hypertension using wearable sensors on
a pregnant woman’s body. It monitors changes in blood
pressure and classifies the severity of hypertension using
Naive Bayes, which helps in the decision-making of health
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care providers. Wireless Body Area Networks (WBANS)
for pregnant women, based on the 802.15.4e TSCH
standard, are presented in [20], which provides real-time
remote monitoring of pregnant women centered on the
biosensors' values. The monitoring of pregnant women’s
stress level, sleep, and physical activities during pregnancy
based on 10T is shown in [21]. loT-based system in [22]
consists of different sensors such as sensors for non-
invasive anemia and glucose rate detection, sudden fall
detection, heart rate, and body temperature. The system is
focused on the extensive health monitoring of pregnant
women using Wi-Fi and GSM viable for telemonitoring.
The system used in [23], monitors the uterine contraction
to determine the possible risk of preterm delivery. The
uterine contraction is detected using a wireless body sensor
network, which triggers an alert message via a smartphone
for values outside normal thresholds. A novel wearable
system for fetal movement monitoring is presented in [24],
aiming to save hospital resources by implementing
monitoring at home. The movement data acquired using
four accelerometers are processed and classified with a
fuzzy classifier that is categorized into six different
movement by which the fetal movement is inspected.
However, the classifier was trained with data collected and
labeled by pregnant women themselves, which was
considered imprecise and highly subjective, degrading its
performance.

Moreover, remote maternal monitoring has shown a
comprehensive outcome and reflected numerous aspects of
pregnancy care. However, conventional maternal
monitoring systems are either too specific [19, 23, 24] or
too general [16, 22]. They are especially focused on
particular risk groups such as hypertension, preterm etc [19,
23, 24]. In addition, some are focused only on monitoring
physical activities, behaviors, and habits [18, 21].
Typically, the internet is exploited for data transmission
and communication, which may not be relevant for the
pregnant population without internet access [16-24]. Thus,
to address the health system and the limitations highlighted
above, and considering the need underlined by the COVID-
19 pandemic, we propose an architectural framework for
home-based self-imperative care of pregnant women that
facilitates 10T solutions regardless of location and internet
access. The proposed system consists of two robust 10T
solutions: internet-based and non-internet based. Either
solution uses the loT-based smart sensor network to
monitor several physiological signals of pregnant women
commonly done in routine prenatal visits and screening
tests. The primary focus is to perform a general physical
assessment (such as fetal heart rate monitoring, blood
pressure monitoring, urine tests, and weight check), thereby
reducing the frequency of in-person visits and providing
easy access to care in the comfort of the home.

2 PROPOSED METHOD

The schematic diagram of the proposed framework is
shown in Figure.1l. The proposed system has two major
adaptive aspects regardless of the location or internet
access: internet based loT solution and non-internet 10T
solution. Internet-based 10T is operated by employing an

loT gateway, while a long-range wide area networks
(LoRaWAN) gateway is used for the non-internet loT
solution. These two approaches complement each other. To
reduce the connectivity downtime, an 10T gateway could be
used when there is internet connectivity while if there is no
internet connectivity LoRaWAN could be utilized.
Moreover, the overall architecture consists of four layers:
sensor data acquisition, middleware gateway, data storage,
and application layer. The sensor data acquisition layer
consists of the sensor devices that acquire fetal heart tone,
blood pressure, and weight values. Similarly, a middleware
gateway is chosen based on internet availability; the
LoRaWAN gateway is employed where there is no internet
access at the endpoint; however, the 10T gateway is utilized
in internet-accessible areas. The layer allows the
transmission of data acquired from the sensor devices to a
central database where the data are stored. The software
solution to retrieve data from sensor devices and transmit it
to the central database is included in this layer. The
acquired sensor data are packaged and sent to the central
database using the message queuing telemetry transport
(MQTT) protocol. The transmitted data are then stored in
the central database, which is later analyzed and displayed
on both pregnant woman and healthcare professionals’ end.
Finally, the application layer consists of the end-user
application for pregnant women and healthcare
professionals that allows visualization of the sensor data
acquired from the first layer.

2.1 Sensor Data Acquisition

The proposed architecture focuses on the self-imperative
care of pregnant women for routine prenatal monitoring in
the comfort of the home. Typically, the regular prenatal
visits include blood pressure measurements, fetal heart tone
assessments, weight checks, fundal height measurements,
and urine tests; thus, their corresponding sensor devices are
utilized for routine checkups to determine the potential
risks and complications. The non-invasive blood pressure
sensor device is used to measure pregnant women's blood
pressure that detects the risk associated with hypertension
and preeclampsia. The systolic and diastolic values of the
blood pressure are measured by utilizing the oscillometric
method, which can also measure pulse rate. Similarly, the
most used Doppler device for fetal heart rate monitoring is
used to assess the heart rate, rhythm, and regularity of the
fetal heart tones. The pregnant woman's weight and fundal
height are then self-measured, noted, and updated in the
application where the healthcare professional is able to
review the data. Along with blood pressure measurement,
urinalysis for protein, which is specially done to diagnose
preeclampsia, is performed, an examination commonly
part of each prenatal screening test [25]. For this,
commercially available urinalysis reagent strips that gives
a rapid result are used in the proposed architecture [25].
Such results are examined with visual inspection or
automated readers, and further testing is undertaken
physically during in-person visits if it gives a positive
outcome.
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Figure 1. Schematic diagram of the proposed architecture.

2.2 Middleware Gateway

Middleware gateway layer comprises 10T gateways. The
gateway on the internet-based approach consists of an edge
computer wherein an 10T gateway software is installed. The
IoT gateway software is responsible for converting the
sensor data into a MQTT format and forwarding it to the
remote server. In contrast, in non-internet-based approach,
the LoRaWAN gateway receives sensor data employing
LoRa radio and forwards it to the network server [26]. The
gateway on the internet-based solution is limited to
connecting a single pregnant woman to the application
server. In contrast, star topology is followed in LoRaWAN
(multiple pregnant women can be connected to a single
gateway). In addition, the long-range property of LoRa
radio helps connect the end nodes (pregnant women) that
are deployed in remote areas (inaccessible areas that do not
have internet service and are several kilometers from the
gateway).

2.3 Data Storage

This layer is a remote database server that stores sensor
data. The database server is accessible from the application
server for further data analysis.

2.4 Application Layer

This layer is an loT platform that provides feedback on
potential risk factors or notification of risks to health care
professionals and pregnant women based on the analysis of
the monitored data. For example, an email or SMS can be
sent to a concerned party as an alarm or alert using the 10T
platform (e.g., Thingsboard [27]). Thingsboard is an open-
source 10T platform. In addition, the end-user application
that shows the result on the user’s end (pregnant women
and healthcare professonals) is also included in this layer.
The end-user application provides a summary of their
health status to the pregnant women and assistance to
healthcare professionals to examine this status remotely.
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3 RESULTS

To illustrate preliminary results, we realized the internet-
based approach using simulated sensor data, as shown in
the Figure 2.

A program was written to simulate Photoplethysmography
(PPG) signals using different heart rates. PPG is a simple
optical technique used to detect volumetric blood changes
in peripheral circulation. As the latest research suggests that
the PPG signal can be utilized to estimate blood pressure
[28], we simulated PPG signals to realize blood pressure.
The simulation software was installed on an edge computer
(Raspberry Pi 3) that published MQTT packets (simulated
PPG signals) every 10 seconds. Moreover, an 10T gateway
software from the Thingshoard was installed on the same
device, which subscribed to the simulated PPG signal and
forwarded them to the Thingsboard cloud. A dashboard was
created in the Thingsboard cloud to illustrate the simulated
PPG signals as time series telemetry.
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Figure 2. Architecture for the internet-based approach
using simulated sensor data.

The result of the simulated PPG signal is shown in Figure
3. As shown in Figure 3., orange and green color lines
depict the PPG signals using heart rates of 100 and 70,
respectively. Based on the signal value, an alert message
(email or SMS) can be sent from the Thingsboard cloud to
the pregnant woman and healthcare professionals when the
PPG signal is outside the threshold range.
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Figure 3. Simulation result of internet-based architecture for PPG signal.

4 CONCLUSION

We propose an 10T-based architectural framework for self-
imperative care and monitoring of pregnant women in the
comfort of the home. The proposed system provides easy
access to care regardless of the location and the internet
availability based on two different 10T solutions: internet-
based and non-internet based. The 10T solution is based on
a smart sensor network that performs physical assessments
of pregnant women that are commonly carried out during
routine prenatal visits and screening tests. In-home
monitoring, analogous to the regular checkup in the
proposed system, reduces the frequency of in-person visits
to the hospital, requiring in-person visits only for further
diagnosis and physical examination that require the HCP's
supervision. Moreover, the system helps in the early
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